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Transportation systems are being transformed by advanced vehicular connectivity and 
automation. Human-driven vehicles are being replaced by Connected Automated Vehicles 
(CAV). The US Department of Transportation’s (DOT) Intelligent Transportation System Joint 
Program Office (ITS JPO) promotes automated vehicle research which encourages the 
development and deployment of automated vehicles by infrastructure-based solutions. 
Advancements in traffic design and operation can offer solutions to the challenges that CAVs 
face. An example of these challenges is merging on highways where traffic operation could be 
enhanced by the use of Vehicle to Infrastructure (V2I) communication between the onramp and 
the mainline vehicles and roadside units (RSU). This research introduced a way to address the 
challenge of merging for CAVs in highways using microsimulation. The method proposed 
makes a contribution to designing an automated merging system that uses V2I communication to 
make travel time reliable and speed uniform. The designed algorithm assists merging of platoons 
into a highway adaptively in order to create merging gaps that otherwise would not be available. 
The simulations were run for the base case without any controller and for several alternatives 
including slow down on the mainline or onramp, and lane change on the mainline. The 
programming approach in this research, including Python scripted in Vissim simulation, is a new 
method to simulate a CAVs environment. The findings showed the maximum flow of 2,402 and 
6,369 vph on the onramp and the mainline, respectively with the average speed of 58 km/h by 
using the automated merging controller. These results were much more pronounced in terms of 
the big platoon sizes on the mainline where the onramp travel time improved 74%. For platoon 
desired speed of 60 km/h, using the controller in simulation showed the average onramp speed of 
54 km/h which was 55% higher than the scenario with no controller. Moreover, the controller for 
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average platoon sizes of 5 and 6 on the mainline or the onramp successfully helped vehicles to 
merge without disturbance on the mainline by synchronizing gap availability and onramp vehicle 
arrival to the auxiliary lane. The results of this research make a contribution to knowledge from 
theoretical and design perspectives in traffic engineering by promoting a simulation-based 




1 INTRODUCTION  
1.1 Background 
The current highway systems in the US have faced many challenges as a result of the 
continuous increase in traffic demands, especially where capacity expansion is no longer 
feasible.  As a result of these challenges, intelligent transportation systems (ITS) with a higher 
capacity and lower delay are desired. Connected Automated Vehicle (CAV) technology, when 
paired with high automation levels, offers innovative solutions to such challenges through 
Vehicle to Vehicle (V2V), Vehicle to Infrastructure (V2I), or in general Vehicle to any other 
entity (V2X) communications. This wireless communication technology enhances what drivers 
cannot observe though their eyesight and allows for automated driving decisions that are 
proactive and dynamic. 
In CAV environments, platooning represents a viable solution for the road capacity 
problem.  The concept of platooning was introduced by Varaiya (1993) as an alternative travel 
form to maximize roadway capacity. With the aid of automated lane sensors, or Cooperative 
Adaptive Cruise Control (CACC), vehicles in platoons can travel with short headway and high 
speed.  This aims to enhance transportation in macroscopic scale but needs a more detailed 
investigation in microscopic scale to deal with merging, diverging, and weaving sections. While 
platooning can increase highway capacity, maneuvers that rely on gaps such as merging and lane 
changing may encounter challenges at higher traffic demands and shorter headways.  Lack of 
sufficient gaps on highways may force on-ramp vehicles to slow down more often or wait for a 
proper gap. The relative speed between mainline and on-ramp vehicles may increase as well. On 
the other hand, the mainline cooperative deceleration may cause a gridlock. As a result, 
shockwaves may form on the mainline when a slow merging vehicle finds a proper gap and starts 
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to merge.  Additionally, only one vehicle merging at a time cannot accommodate high onramp 
traffic flows. In this situation, separating vehicles in platoons to let merging vehicles cut in and 
join is a challenge to address.  
In day to day driving, merging is a demanding task which requires a synchronized set of 
observations, judgments, and actions. Consequently, merging maneuvers may be performed with 
low efficiency depending on the driver’s experience and expectation, as well as traffic 
conditions. On highways, merging can initiate speed breakdown when the mainline is already 
congested. Emerging vehicle technologies, such as CACC and merging assistance systems, are 
aimed at facilitating automated cooperative merging with higher efficiency and safety. Because 
of V2X communications, CACC for traffic flow stability, automated platooning for increased 
lane capacity, and cooperative merging assistance for merging negotiation becomes possible 
(Shladover 2017). The merging assistance is a longitudinal or lateral control of vehicles in a 
target lane to provide the required gap for merging (Diakaki, Papageorgiou et al. 2015). 
These emerging technologies are transforming transportation systems and provide opportunities 
for engineers and scientist to develop traffic management systems that are influenced and 
enhanced by connectivity and automation. 
1.2 Problem Statement 
Transportation systems are moving from human-driven vehicles to automated vehicles and 
traffic operation will be affected by this emerging technology. In segments with interrupted flow, 
such as merging areas, drivers make merging decisions based on their perception. In the current 
highway systems, drivers use their observation and judgment to take advantage of the merging 
gap opportunity brought on by randomness of traffic flow.  In future, CAV features such as 
platooning and CACC can change the merging gap size and availability. This can lead to 
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problems such as on-ramp delay and spillback. However, in order for highways to accommodate 
CAV fleets, there must be operational highway changes that allow for higher traffic demands and 
more uniform gap distribution due to shorter headways. By implementing CAV technologies, 
there should be significant improvement in traffic operations in general and specifically in the 
vicinity of merging.   
In a futuristic highway system, one important problem to address is how merging is 
performed when platoons with a short headway eliminate the randomness and availability of 
gaps. Because the mainline can no longer accommodate merging vehicles, there is a merging 
challenge from the lack of acceptable gaps. As a result, merging performance in the new 
environment will become a bigger challenge. Automated merging models should be designed in 
an adaptive way for the mainline and the onramp platoons to create merging gaps that otherwise 
would not be available. Onramp vehicles cannot afford the long wait time, and therefore, gaps 
should be deliberately created for them. On the other hand, the merging operation of platoons 
should keep disruption of the mainline traffic conditions to a minimum. To address the challenge 
of automated merging, this research provides a method to help platoons of vehicles in an 
automated environment merge from an onramp into the mainline highway. Because CAV fleets 
are not in operation in the United States at the moment, microsimulation is the best tool available 
to model, evaluate, and optimize the performance of any traffic management strategy. In order to 
use simulation, the traffic environment, the designed controller, and several traffic conditions 
should be developed and tested. While traffic data collection for CAVs has not become possible 
yet, different traffic inputs are considered to find the capacity of the merging area. Once the 
critical traffic condition is identified, the automated merging controller with several alternatives 
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is implemented to evaluate its effectiveness through the observation of several measures of 
effectiveness (MOE). 
1.3 Research Objectives  
The research is focused on developing an automated merging algorithm to help CAVs 
merge into a highway where the main form of driving is platooning. This algorithm is designed 
based on the communication between the mainline and the onramp platoons with several 
alternatives for deceleration and lane changing. Different alternatives attempt to widen the gaps 
and sync them to the merging vehicles arrival to the auxiliary lane. Consequently, more vehicles 
are allowed to merge before losing their speed. Based on the goal of establishing an automated 
merging algorithm, the objectives of this research are defined as 1) to develop an automated 
merging algorithm which takes advantage of vehicular communication to estimate the arrival 
time of merging vehicles, possibility of lane changing, or slow down actions. 2) to design a 
microsimulation for CAVs 3) to apply the automated merging algorithm and evaluate its 
effectiveness under different traffic conditions. The benefits of meeting the objectives are 
categorized into a) provide an advanced traffic management solution for future merging areas, b) 
contribute to the general understanding of CAV technology benefits in highway operation, and c) 
to advocate the efficient application of microsimulation for CAV environment.  
1.4 Scope 
This research develops an automated merging algorithm saving travel time for merging 
platoons without severely disturbing the mainline traffic flow. The algorithm is evaluated for its 
performance in microscopic traffic simulation environments. This facilitates the effective 
exchange of real-time information between CAVs. Because of the complexity of merging into 
platoons, various traffic conditions for the mainline and the onramp are considered. The 
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simulation results are then thoroughly analyzed to achieve the best performance of the automated 
merging controller. The research assumptions are that vehicles are connected and automated, the 
solution is tested in the microsimulation environment and the merging area is on a two-lane 
highway for one direction only.  
1.5 Dissertation Outline 
The manuscript of this dissertation includes five chapters. Chapter 1 describes the 
background, problem statement, research objectives, and the scope of research. Chapter 2 
presents the current state of the research on CAV, CACC, and merging algorithms. Chapter 3 
explains the design of the automated merging algorithm, modeling of microsimulation, and the 
simulated scenarios. Chapter 4 documents the result of simulations and the evaluation of the 
performance of automated merging models using statistical analysis. In the end, Chapter 5 
discusses the overall performance of the model, the benefits, and the limitations, following 




2 LITERATURE REVIEW 
In order to understand the automated merging concept, recent literature on CAV, automated 
highways, and merging controllers are studied and presented. CAV technologies have the 
potential to enable skillful driving by improving reaction times, awareness applications, and 
decision making. Driving CAVs could result in fewer crashes and more efficient transportation 
(Clements and Kockelman 2017).  Merging on highways is a complex traffic phenomenon and is 
difficult to model, to predict, and to optimize.  Merging is recognized as an accident-prone 
maneuver on highways which can easily deteriorate traffic conditions in the affected area. In the 
past, different transportation management strategies such as ramp metering, variable speed limit, 
and the combination of both are suggested to ensure the safety and operation of merge areas. 
However, with transforming CAV technology, the intelligent transportation systems (ITS) will 
operate more efficient relying on real-time data from vehicle communication in addition to Lidar, 
Radar, and GPS (Timpone 2018) The main motivation of the current research is enhanced 
driving based on V2V and V2I communication, which has been studied largely in the past 
decade. CAVs have the potential to improve traffic safety and efficiency, as well as fuel 
consumption and passenger comfort. Moreover, CAVs are estimated to change the economy by a 
great deal, producing $1.2 trillion impact per year only in the US (Clements and Kockelman 
2017). Altogether, an advanced merging controller can potentially overcome the capacity 
shortage on highways where the main form of driving is platooning based on CACC and ACC. 
The following sections are overviews of the different aspects including CAVs’ features, 
automated merging, and platooning. 
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2.1 Features of Connected Automated Vehicles Technology  
In the presence of automated vehicles (AV the ability to use travel time more meaningfully 
can lead to more frequent and longer trips (Fagnant and Kockelman 2018) Consequently, more 
travelers shift from other modes (e.g. private cars, buses, etc.) to ride-sharing rather than a long-
term private car ownership. Accessibility of riding AVs can increase traffic demands which add 
to the traffic congestion unless ITS will be utilized to regulate such high traffic flow. Therefore, 
it is essential to study both macro and micro scale solutions to deal with future traffic 
regulations.  
In macroscale level, vehicular connectivity and automation affect mode choice, origin and 
destination, route choice, and travel time predictions (Milakis, van Arem et al. 2017). CAVs can 
improve ride-sharing which reduces the usage of parking. The single purpose trips by driving 
private cars will change to multi-destination ride shares. Travel time estimation and route choice 
will be improved through the big data or the Internet of Things (IoT).  
In the microscale level, intersection control, highway operation, lane change performance, 
and merging maneuvers can be enhanced by high-resolution communication between vehicles, 
pedestrians, bikes, etc. (Bevly, Cao et al. 2016). For instance, if highways still only rely on the 
right of way for the mainline in addition to ramp metering for merging, two bad scenarios may 
occur. First, the onramp vehicles may be forced to wait for the gap availability, resulting in the 
formation of an extended queue on the onramp which would then spread to surface traffic. Next, 
mainline vehicles would cooperatively decelerate for merging vehicles, which may lead to a 
shockwave and soon the upstream of the merging area on a highway would turn into a gridlock. 
As previously stated, finding solutions and relying on innovative communication and automation 
is ultimately essential in the present-day. 
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Although it is not  yet clear how drivers will deal with connected automated vehicles, it is 
intuitive that if they can rely on the system rather than their judgment, there is a better chance of 
controlling traffic in the crucial areas such as merging junctions (Meyer and Beiker 2014). The 
same idea can apply to intersections, off-ramps, etc. (Farah, Erkens et al. 2018). In this time, that 
data collection is not vastly possible for new technology, analysis tools are limited to test track, 
simulators, and traffic simulation. Among these experiments, microsimulation has been 
extensively used to model and evaluate the applications of CAV technology in recent years (Xie, 
Zhang et al. 2017). Traffic studies for the upcoming vehicles can bring the foresight for the 
emerging technology. Researchers studied different aspects of CAVs in order to understand the 
technology, infrastructure needs, and transportation changes.  
The implications of CAVs in traffic operation can alter the safety, throughput, flow 
stability, and flow breakdown (Mahmassani 2016). CAVs are equipped with an on-board unit 
(OBU) to connect to other vehicles and infrastructures which enables driver’s advisories and 
safety warnings by Dedicated Short Range Communications (DSRC) systems (Johanna, Ginger 
et al. 2017). Currently, the application of V2X provides the CAVs’ driver with alerts and 
information but not the driving tasks performance. However, full automation will be available on 
the roads in the future to perform all driving maneuvers relying on the real-time information 
(DOT 2016).  
2.2 Automated Merging Control- Current State of Research  
Past research shows several attempts to propose merging control algorithms for 
cooperative merging algorithm application.  Different aspects of  lane change and merge 
maneuvers for CAVs have been studied to explore these capabilities in transportation systems 
(Bevly, Cao et al. 2016). For instance, Kachroo and Li (1997) proposed one of the earliest 
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merging control systems for an automated highway system. The authors developed three control 
assistance algorithms with linear, optimal, and parabolic speed advisory functions to guide 
merging vehicles to track the speed of an available gap on the mainline. The three algorithms 
were evaluated using simulation, and the results provided evidence that the parabolic algorithm 
outperformed the other two. Kato, Tsugawa et al. (2002) studied the feasibility of cooperative 
driving using V2V and V2I.  On a test track, the research was conducted using a platoon of five 
vehicles with speed range of 24.8 to 37.3 mph. The intra-platoon gap distances were 66 and 111 
feet in a single-lane and two-lane test tracks, respectively.  The study showed that vehicles in the 
platoon succeeded in lane changing, merging, and leaving the platoon.  In another study by Lu, 
Tan et al. (2004) an adaptive merging algorithm was proposed for automated highways.  The 
proposed algorithm relied on an advisory speed system for the following vehicle in a two-vehicle 
platoon to allow for one on-ramp vehicle to merge smoothly.  The experiment was conducted for 
platoons in a one-lane test track with different speeds in the range of 13 to 17 mph.  The speed of 
the merging vehicle was limited to the same value of the vehicles in the platoon.  The experiment 
showed that the proposed algorithm was successful in assisting the on-ramp vehicle to merge 
smoothly and safely. These early studies revealed useful insights in CAVs merging yet did not 
consider the problem in an appropriate high-speed range.   
 Rathgeber, Winkler et al. (2015) estimated trajectories of  AV based on a nonlinear 
model for lane changing and emergency braking. They concluded that trajectory planning for the 
driver assistance system in the future is necessary to guarantee safety and comfort. Rios-Torres 
and Malikopoulos (2017) presented an analytical closed-form merging solution for CAVs’ fuel 
consumption. In that framework, one vehicle merges at a time, and the speed in the merge area is 
constant. Several simulation experiments in MATLAB/Simulink are performed for sets of 2 and 
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15 vehicles on each road with different constant speed values in the range of 24 mph to 64 mph. 
The solution is tested against the baseline scenario when the mainline has the right of way in 
CAV environment. When the number of vehicles on the road increases, then these vehicles are 
forced to decelerate or stop. Ntousakis, Nikolos et al. (2016) presented another merging 
assistance method based on longitudinal trajectory planning for a pair of vehicles at a merging 
junction. This paper aimed to minimize acceleration and jerk rate by a discrete time quadratic 
programming formulation. The model predictive control assumed that each merging vehicle has 
the final speed and time of arrival to the fixed merging point downstream. The simulation of six 
vehicles with predefined merging sequences and constant speed was performed to evaluate the 
proposed model.  
While these aforementioned studies provide useful insight into several algorithms 
supporting the merging assistance application of the CAV technology, they do not account for 
the various traffic conditions in the evaluation of such algorithms.  On the contrary, other studies 
account for traffic conditions in designing and testing several merging assistance algorithms 
using simulation in connected vehicle (CV) environments. For instance, a lane changing advisory 
algorithm was developed by Park, Bhamidipati et al. (2011) based on V2V and V2I 
communications.  The proposed algorithm was tested for different safe gap values (small, 
medium, and large) using Vissim simulation and took into consideration mixed traffic of 
connected cars and trucks in a two-lane non-platooned freeway.  The algorithm was tested in a 
simulation of 15 minutes with demand values of 2,774 and 613 vehicles per hour (vph) for the 
mainline and on-ramp traffic, respectively. The study showed that while the choice of small gaps 
resulted in marginal improvement in the mainline operational condition, the medium gap 
improved the average mainline speed by 6.4%.  When implementing the large safe gap, the 
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improvement in the average speed decreased to 2.2%.  In another study, Marinescu, Čurn et al. 
(2012) proposed a slot-based merging algorithm using V2I which works based on lane change 
advisory messages sent from a roadside unit (RSU) to mainline vehicles in order to map gaps 
with merging vehicles.  In a VISSIM simulation model, the algorithm was tested in a 3-lane non-
platooned freeway with medium to heavy mainline traffic conditions of 3,600 vph and 4,700 
vph, respectively. The different on-ramp traffic flows of 200 to 2,000 vph were implemented. 
The proposed algorithm’s performance was compared to the Vissim’s human driver model.  The 
results showed that the slot-based algorithm outperformed Vissim’s human driving model by 
improving the travel time and delay of merging vehicles.  This study shows promising potential 
for cooperative merging algorithm in CAV environments; however, the proposed algorithm was 
not tested for platooned traffic.  Considering the Vissim’s human driving model without any 
modifications to account for AV technology appears insufficient.  Noteworthy is, the mainline 
traffic condition was not evaluated for the cooperative merging assistance application. More 
recently, Xie, Zhang et al. (2017) studied an optimization-based ramp control strategy in an 
integrated platform of VISSIM, MATLAB, and the Car2X module. The ramp input of 300 to 700 
vph and the mainline 800 to 1,200 vph are tested. The simulation results showed that the 
controller effectively manage merging actions when the traffic is not oversaturated at the 
merging junction. 
Overall, merging controller for CAV environment is mostly investigated for one vehicle 
merging at a time, and there are fewer studies addressing the platoon merging (Scarinci and 
Heydecker 2014). The idea of using a merging point to estimate arrival time of a merging vehicle 
from an onramp onto the mainline is applied in several publications (Dong, Dolan et al. 2017, 
Rios-Torres and Malikopoulos 2017, Xie, Zhang et al. 2017, Stanek, Milam et al. 2018). Vissim 
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simulation is one of the most popular platforms to evaluate the different application of CAVs by 
interacting with other programming interfaces. 
2.3 Cooperative Adaptive Cruise Control and Platooning 
Many researchers investigated CACC and Adaptive Cruise Control (ACC) designs in both 
simulation and test tracks. Van Arem, De Vos et al. (1997) developed the MIXIC model to study 
the impact of Autonomous Intelligent Cruise Control (AICC) in several highway systems. Later, 
cooperative adaptive cruise control (CACC), which is an extension of ACC, is examined using 
MIXIC simulation (2006). The CACC acceleration model was based on the speed difference 
between a vehicle and its preceding vehicle. The main focus was studying the impact of CACC 
on traffic flow performance measures in a multi-lane highway-merging area. The results showed 
an improved traffic-flow stability compared to the merging scenario without CACC. Milanés, 
Shladover et al. (2014) also investigated the impact of CACC on traffic flow and on highway 
capacity based on the test track data. This research presented a CACC system based on gap 
regulation and gap closing controllers. The Intelligent Driver Model (IDM) was implemented to 
model car-following for vehicles. The speed variation in CACC was lower compared with that of 
ACC. The traffic flow stability was also improved by providing smooth and stable reactions. 
Öncü, Ploeg et al. (2014) designed and evaluated CACC for a network system. The effect of 
CACC on the traffic flow performance measures including throughput, delay, and string stability 
are studied in a test track. This research suggested the futuristic application of the model for 
platoon systems with enhanced communication. Milanés and Shladover (2014) presented an 
enhanced Intelligent Driver Model system for ACC and CACC controller based on the 
experimental data of four vehicles to understand the car-following in test tracks. This model is 
designed to manage car-following for the leading vehicle in a platoon and to regulate how a 
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vehicle joins a platoon. The results of test track experiments showed improvement connectivity 
for the commercial vehicles. Amoozadeh, Deng et al. (2015) studied platooning via CACC based 
on the vehicular ad-hoc network to control acceleration for free flow, constrained and emergency 
braking to avoid collisions.  The joining and leaving maneuvers for platooning are designed in 
VENTOS which is an integrated simulation platform. The different platooning scenarios are 
implemented in the simulation model to show the validity and effectiveness of this approach. 
The result of this research elaborates on the effect of communication parameters in the 
platooning performance measures. In another study, Zhong, Lee et al. (2017) investigated 
mobility, safety, comfort, and fuel consumption in platooning by CACC.  This research aimed at 
an optimized longitudinal controller model. The best performance of the designed model was 
achieved by headway values of 0.6 and 0.9 seconds. The application of CACC reduced time 
headway deviation and instantaneous fuel consumption by 98% and 33%, respectively, 
compared to a non-optimized base model. 
Altogether, ACC and CACC controllers based on speed difference and minimum safe gap 
were studied in different microsimulation models. The effectiveness of CACC models to 
improve traffic flow performance measures including throughput, delay, string stability, as well 
as platooning functions and capacity were explored in both test track and microsimulation. Due 
to the complexity and many unknown parameters, in most of the cases only a few vehicles are 
considered in the experiment set up. However, simulation currently provides a means of testing 
platoons with any traffic input using computational capabilities. The simulation results can show 
the futuristic traffic conditions and evaluate the network level operations. Further details of 
lateral and longitudinal controls, automated merging and diverging, and analysis of traffic 
control methods should be investigated in advance before deployments. That being said, the 
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CACC technology integrated into highways can double freeway capacity by adopting shorter 
following gaps (Nowakowski, Shladover et al. 2010), therefore, both challenges and 
opportunities of CAV are important to study at the moment. The advancement of infrastructure 
and control methods that make CAV use possible must be investigated and implemented.  
The literature review addressed different aspects of merging to investigate CAV potential in 
the efficient merging models. Yet more aspects of CAV merging remain to be explored.  This 
study aims to overcome some of the shortcomings in previous studies by developing an automated 
merging control algorithm in CAV environments with two main objectives. First, to assist on-ramp 
vehicles in merging smoothly and safely. Second, to maintain the mainline conditions without any 
adverse disruptions.  In doing so, several experiments for different traffic conditions and merging 






3.1 Concept of Automated Merging Controller 
Merging is a challenging task which can be enhanced by CAV technology through 
eliminating the drivers’ judgment and perception of speed and gap. This task can even become 
more crucial with platooning, another CAV feature which accommodates higher traffic demands 
with shorter headway values. Relying only on the right of way for the mainline and available 
gaps for the merging vehicles would be insufficient to manage a merging area in future. In order 
to overcome these challenges, merging gaps should be deliberately created by the cooperation 
between mainline and onramp vehicles in a way using vehicle communication.  
An example of platoon merging with different approaches is shown in Figure 1. The 
trajectories in Figure 1 (a) demonstrate an onramp platoon of four vehicles in red lines that are 
merging as soon as they arrive at the merge area. The mainline platoon in dashed black lines has 
to split into two vehicles in its head and three vehicles in its tail. The undesirable delay of a 
platoon’s tail is followed by the next mainline platoon’s delay in dashed purple line. Another 
approach to merging without delay is the lane change alternative performed by the mainline 
platoon’s tail in grey solid line as shown in Figure 1(b). Given the availability of acceptable gaps 
in the adjacent lane, this approach can prevent delay for all involved vehicles. Merging without 
altering the mainline actions is shown in Figure 1(c) where the onramp platoon slows down to 
join the mainline after the first platoon passes the merge area. The last set of trajectories in 
Figure 1(d) depicts the mainline platoon splits combined with the merging platoon slightly 

































Figure 1. Platoon Merging Approaches: (a) merging as soon as possible, (b) lane change, (c) 
waits for an acceptable gap, and (d) split platoons. 
As a result, the next mainline platoon on the upstream is disturbed. Merging alternatives 
can affect the travel time of the vehicles in the merge area. Manipulation of vehicles’ decision in 
the merge area could enhance the merging similar to what is presented in Figure 1 (b) and (c), or 
deteriorate the situation as shown in Figure 1 (d). To identify constructive decisions in the 
controller, it is necessary to choose the approach that is low-cost. The threshold for initiating the 
controller should be identified based on the traffic condition on the network. Measures of 
effectiveness (MOE) could assess the necessity of the merging assistance including speed and 
travel time along the road.  
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This research aims to develop an advanced automated merging algorithm to split and 
resize platoons to accommodate the merging of CAVs. A framework is developed to achieve the 
objectives of this study as shown in Figure 2 with several merging algorithms that are designed 




Figure 2. Methodology Framework 
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First, merging into available gaps considers the acceptable gaps between the mainline 
platoons. Second, merging with the adaptive actions includes lane changing and deceleration by 
mainline platoons. Third, merging with the onramp deceleration to split and optimize merging 
platoon size. As shown in Figure 2, the algorithm is implemented in a traffic simulation platform 
to evaluate the performances of different alternatives. Afterwards, the algorithm is modified 
based on the feedback from the simulation results including travel time and speed improvement. 
The efficiency of each algorithm is then compared with the case of immediate merging of 
platoons into the mainline by analyzing the traffic performance measures including travel time 
and speed depicting the level of traffic congestion in the merge area. In order to complete this 
research, five main tasks and several sub-tasks are pursued: 
1) Develop a framework for different merging methods in CAV environments relying on real-
time information dissemination.  
i. To design an algorithm based on adaptive deceleration or lane change  
ii. To account for deceleration on the onramp  
iii. To help platoons split and resize due to the lack of acceptable gaps  
2) Construct traffic microsimulation models representing CAVs  
i. Vehicle input of platoons with diverse size, speed, and headway 
ii. V2I communication designed for the simulation platform 
iii. Travel time estimation according to V2I coded in the simulation 
3) Program the developed automated merging algorithm in the simulation model 
i. Several additive factors are considered to regulate the controller’s performance 
ii. The alternative of deceleration and lane-change are executed 
iii. The possibility of the alternatives is evaluated 
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4) Implement the developed merging algorithm to observe merging performance. 
i. Apply various traffic conditions with different platoon sizes and desired speed 
ii. Analyze the traffic MOEs along the road per each experiment 
iii. Assess the effectiveness of the automated merging controller 
5) Modify the controller’s effectiveness based on the simulation performance measures.  
i. Address the potential errors based on the feedback and modify the algorithm. 
ii. Modify additives based on the performance of the algorithm. 
The remainder of this chapter elaborates on developing the automated merging algorithm, 
simulation models, evaluations and modifications.    
3.2 Developing the Automated Merging Algorithm 
In this study, a merge area in a highway is assumed with two lanes for one direction only, 
an onramp followed by an auxiliary lane, and an RSU at a merging location as shown in Figure 
3. Merging points in reality are not fixed at a location, however, most merging vehicles prefer to 
merge at the earliest and the most convenient location rather than waiting at the end of the 
auxiliary lane. In other words, as soon as a vehicle arrives in the auxiliary lane, it aims to change 
lanes. Taking these factors into consideration, an ideal location to negotiate merging is 
considered at one-third of the auxiliary lane length. For the purpose of travel time estimation, 
this point is considered as a fixed point. In addition, the concept of a merging point has been 
researched previously to study CAVs in microsimulation models (Kato, Tsugawa et al. 2002, 
Park, Bhamidipati et al. 2011, Marinescu, Čurn et al. 2012, Ntousakis, Nikolos et al. 2016, Xie, 




Figure 3. Merging Area Configuration for the Simulation Platform 
In this study, platooning is assumed to be enabled by CACC. As a result, vehicles are able 
to follow a short headway and maintain the same speed while driving in a platoon. Another 
feature of CAVs is an OBU which transmits information including vehicle position based on 
GPS, speed, preceding and following gap, as well as lateral distances with respect to vehicles in 
other lanes.  The RSU communicates with vehicles in its communication range to receive their 
status and send decisions. In this research, an automated merging controller is assumed to be a 
part of the RSU. First, a controller inside the RSU processes the vehicles information to obtain 
the upcoming gaps size, speed, and location. The controller estimates the distance and travel time 
of each vehicle to the merging location based on its position and speed. Then, the controller finds 
the initial arrival sequence of the upstream and onramp platoons to the merge area based on 
ascending order of the estimated travel time values. Each onramp vehicle that has an estimated 
arrival time to the merging location that does not overlap with any mainline platoon’s estimated 
travel time could take advantage of the available gap in the next few seconds. Otherwise, this 




Middle Down Upstream 
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3.3 Travel Time Estimation Based on V2I Communication 
In the controller design, three essential functions are data collection, travel time estimation, 
and orders disseminated to vehicles on the road to preserve the available gaps in the upstream of 
the merging area. Vehicle information includes position, speed, acceleration, and lane change 
decisions which are assumed to pass via V2I communication at 0.1 seconds according to DSRC 
(DoT 2014). Based on this information, at each time step, distance (∆𝑥) for each vehicle is 
calculated as the length of the road that will be traveled up to the merging point. Travel time 
could be accurately estimated by a first order equation to save computational time for a higher 




 , ?̅? > 0     (1) 
where ?̅? is the average of a vehicle speed and its next speed (Tian, Yuan et al. 2015, Goodall, 
Smith et al. 2016). The next speed for each vehicle is either the preceding vehicle’s speed or the 
desired speed. Details of the travel time estimation algorithm are shown in Figure 4. If the 
vehicle spacing in respect to its following vehicle is less than the range of communication (e.g. 
300 meters or 984 feet) the next speed is set to the preceding vehicle speed, otherwise, the 
desired speed will be considered. If a vehicle’s speed and its preceding vehicle’s speed is zero, 
then ?̅? ends up to be zero, however these standstill vehicles aim to speed up. Then using the 
desired speed and zero speed to calculate ?̅? results in half of the desired speed.  
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Figure 4. Travel Time Estimation Algorithm 
An ascending order of estimated travel time values determines the preceding and 
following vehicles for each merging vehicle. Simultaneously, the mainline gaps are mapped to 
the controller.  The length of these gaps shows whether or not to merge. The estimated travel 
time values will be used in the next algorithm as shown by “Go to I” in Figure 4 in order to 
calculate the gaps along the road.  
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A merging controller algorithm is designed in Figure 5 to regulate and preserve available 
gaps through V2I communication. A gap will be preserved by maintaining the speed of vehicles 
to avoid closing that gap. 
 
Figure 5. The Merging Controller Algorithm Based on Available Gaps 
As previously stated, each merging vehicle wants to take advantage of an available gap 
by the time it arrives at the merging location to the auxiliary lane.  In this model, the gaps ahead 
(preceding) and behind (following) merging vehicles are estimated and compared to a 
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predefined minimum acceptable time gap to ensure the safety of the merging vehicle.  The 
minimum time gap is compatible with the car-following model in a microsimulation environment 
which is explained in the next section.  
In each time step, given the vehicles’ information, travel time (𝑡) to the merging location 
is estimated. For each vehicle on the onramp, gaps ahead and behind, at the time of arrival to the 
merging location are estimated at the following steps and as shown in Figure 5. 
In the previous step, travel time is estimated for each vehicle in the communication range 
of the RSU (𝑇1). If the estimated travel time of the mainline vehicle is less than 𝑇1, that vehicle is 
supposed to arrive at the merge point ahead of the onramp vehicle. For this reason, it is 
considered as a preceding vehicle which means by the time the onramp vehicle arrives at the 
merge point, the preceding vehicle is downstream. At the same time, if a vehicle on the mainline 
has greater estimated travel time than the onramp vehicle, then it is considered as the following 
vehicle which is in upstream. Among the preceding vehicles, the one with the maximum 
estimated travel time is an immediate vehicle with regard to the onramp vehicle at the merge 
point. The estimated travel time of the following vehicle is equal to 𝑇2. On the upstream, the 
following vehicle with the minimum estimated travel time is an immediate following vehicle 
with regard to the onramp vehicle at the merge point. The estimated travel time of the preceding 
vehicle is equal to 𝑇3. By mapping the estimated travel time values with reference to the merge 
point, the estimation of available gaps ahead and behind of the onramp vehicle becomes possible. 
As shown in Figure 5, preceding and following gaps are calculated. Each gap should be greater 
than a minimum acceptable gap, otherwise, the onramp vehicle will not safely fit into the gap in 
between. On the other hand, if the gaps meet the minimum requirement, then the onramp vehicle 
will join the mainline.  
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In the gap calculation algorithm, the RSU makes arrangements to preserve that gap in the 
merge area. The following platoon on the mainline should maintain its speed and not accelerate 
to a higher speed which would close the gap. Reserving available gaps on the mainline can be 
achieved by updating vehicles speed using the RSU. Therefore, the controller overrides the 
current car-following rules to maintain the gap. In order to control the gaps, speed values should 
be updated based on current speed, acceleration, and gaps. Given the short headways in platoons, 
merging to available gaps may rarely be possible, especially with high traffic flow on the 
mainline. Hence, other decisions should be evaluated in the next part of the algorithm.  
3.4 Developing Automated Merging Algorithm for Lane Change and Deceleration  
The merging controller algorithm based on the existing gaps is only capable of 
accommodating merging platoons with gap availability on the mainline. This approach is 
applicable at some low-to-moderate traffic flows. This algorithm can prevent mainline 
disturbance to some extent due to the benefit of merging which is superior to forcing onramp 
vehicles to stop at the entrance or to queue. For this reason, in this section, another model that 
considers lane changing is developed to create more merging gaps as described in Figure 5. This 
algorithm benefits from estimated travel time and the mapped gaps along the road by the onramp 
vehicles arrival time at the merge point. 
Intuitively, the probability of finding gaps at the arrival time to the merging location is low 
for onramp vehicles with a high mainline traffic flow. To deal with this, gaps need to be 
expanded by changing the mainline and onramp vehicles’ speeds or lane change through V2I 
communication. An automated merging controller is designed to increase gap availability by 
disseminating alternatives to the vehicles in advance. The alternatives considered are to split 
platoons by instituting slow down or lane change in order to fit in more merging vehicles as soon 
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as they arrive at the auxiliary lane. It is particularly crucial to avoid a high-speed difference 
between merging vehicles and the mainline vehicles. The reason for this is that several problems 
could arise from a higher speed difference in the merging area. First, when the merging vehicles 
have to slow down repeatedly, their delay increases. Next, the safe gap they need to join the 
mainline becomes even more scarce. At that time the onramp capacity reaches the maximum 
value, then an undesirable spillback may stretch to the arterial traffic. After that, if a slow 
merging vehicle finds a chance to change lanes in order to finish its merging, it could adversely 
affect the upstream vehicles’ speed. As a consequence, a shockwave may propagate upstream. It 
is even worse among platoons with shorter headways compared to the scattered human-driven 
vehicles’ spacing.  
Overall, each slow-merge maneuver can disturb the merging area. Therefore, on the mainline 
upstream, it is advantageous to slow down slightly or to possibly change lanes to avoid a high 
delay in the merging area. The alternatives on the mainline are evaluated in an adaptive way as 
described in the following section.     
3.5 Time Gap Calculation Designed for Safety Conditions 
Before commanding a new decision to each vehicle to perform the next time step, the 
possible conditions to perform the maneuver (slow down or lane change) should be evaluated. 
To begin the algorithm, the required conditions for a slow-down action are described by the 
concept of time headway. A gap or time headway (𝑡ℎ) is defined as the time gap between two 
consecutive vehicles in the same lane. Given the data disseminated through V2I, the gap values 
on the mainline are calculated in each time step (0.1 seconds) using equation (2) by dividing the 
relative distance between a vehicle and its preceding vehicle over the vehicle’s speed (𝑣). A 






  𝑓𝑜𝑟 𝑣 ≠ 0     (2) 
The estimated arrival time to the merging location coupled with the time gap can 
determine whether each merging vehicle can be provided with a sufficient gap.  
The V2I communication facilitates other alternatives prior to merging in an adaptive way. 
This approach is also dynamic as real-time information dissemination is possible in a CAV 
environment. For the purpose of widening gaps on the mainline, two alternatives on the mainline 
including lane-change and deceleration, and one alternative on the onramp for slowing down are 
considered. In these algorithms, gaps for each merging vehicle with respect to the preceding and 
following vehicles are calculated as shown to Figure 6. If both gaps are large enough, then the 
vehicle merges. To widen the gaps, the RSU sends the lane change advisory message to the 
upstream vehicle. This decision splits the mainline platoon in favor of merging vehicles. 
Resizing the platoon as a result of performing a lane change, widens the gap on the mainline 
before the merging vehicle arrives on the auxiliary lane which saves time in the merging area. 
Vehicles in the following platoon or the preceding platoon could change lanes to the left if the 
adjacent lane has available gaps. After the lane change action is performed, the gap should be 




Figure 6. The Merging Controller Algorithm With The Lane Change Alternative 
The advantage of this controller compared to the base case is that the lane change 
advisory prevents frequent slowdown on the mainline. However, the probability of finding large-
enough gaps to change lanes before arriving at the merging location limits this application. Over 
the course of research, it became clear that lane change advisory should be bounded to a speed 
limit on the mainline because the combination of lane changes and low speed adversely affects 
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the merge area traffic condition. Moreover, the frequency of lane change advisories can affect 
the performance of the automated merging controller.  
In addition to controlling the merge area by means of lane change action, there are 
several reasons to consider adaptive deceleration on the mainline: the widening of merging gaps, 
avoidance of a queue formation on the onramp, and synchronizing mainline gaps and merging 
vehicles’ arrival on the auxiliary lane. This algorithm can be helpful especially when onramp 
traffic flow cannot be accommodated by available gaps alone. Figure 7 displays the adaptive 
deceleration controller algorithm for each merging platoon.  
 




When the preceding and following gaps are not large enough, the merging gap should be 
widened. When merging, each vehicle may encounter two possible scenarios; to merge between 
platoons or inside a platoon. In the first case, there is a better chance to merge, however, in the 
second case, splitting the mainline platoon should be considered to create a large gap. Slowing 
down to split the platoon may cause another challenge in the merge influence area.  
Consider a platoon of 7 vehicles on the mainline and a platoon of 3 vehicles on the 
onramp as an example. The travel time estimation and mapping gaps reveal that vehicle 1 has 
enough gap to merge, but vehicle 2 and 3 are overlapping with the mainline platoon. If on the 
mainline, vehicle 1 decelerates, then all 6 preceding vehicles should decelerate. If only 2 vehicles 
are helped, 7 vehicles on the mainline are adversely affected. For this reason, deceleration action 
is restrained to either the last vehicle in an overlapping mainline platoon or a single vehicle on 
the mainline. Although this condition restricts the application of deceleration action, it avoids an 
undesirable breakdown on the mainline especially when larger platoon size and a high traffic 
flow exists on the mainline. 
In this algorithm, if the gap behind a merging vehicle is not large enough, then the 
following vehicle is commanded to decelerate. Otherwise, no slowdown command will be 
issued.  Moreover, in order to avoid a speed breakdown on the mainline, a minimum speed 
should be considered. If the following gap is less than a threshold, then no deceleration message 
will be passed on. Similar to the algorithm for lane change, the choice of timestep and speed 
limit can significantly affect the performance of this controller. Hence, the algorithm considers 
these conditions in the simulation. 
Figure 8 depicts a schematic merging platoon with adaptive deceleration action of its 
following platoon on the mainline to widen the following gap in red plus grey arrows. This 
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merging controller effectively prevents merging platoons from stopping on the auxiliary lane; 
however, under a mainline high traffic flow, speed breakdowns are probable, especially upstream 
of the onramp. Moreover, the following platoon may not meet the requirement of slowing down 
due to the limited gaps behind it all the time. Hence, another decision for deceleration on the 












Figure 8. A schematic Of Trajectories And Time Gaps With Cooperative Deceleration 
The focus of the former tasks was on the mainline proactive decisions. Nonetheless, other 
enhancements can be considered by coordinating a platoon’s arrival from the onramp to the 
auxiliary lane when a merging gap is available. This is described in the next section. 
3.6 Developing a Merging Algorithm Designed for Onramp Deceleration  
With the intention of synchronizing merging vehicles’ arrival time on the mainline with 
appropriate gaps, this section presents a merging controller algorithm which mainly manages 
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onramp traffic. Because a high-speed difference between the merging platoon and the mainline 
platoon is not desired, this controller intends to prevent aggressive deceleration followed by 
standstill vehicles on the onramp. This approach controls the speed difference between merging 
vehicles and mainline vehicles (Figure 9). Similar to the threshold on lane change and 
deceleration on the mainline, this alternative is limited with the minimum speed to operate.  
 
Figure 9. The Merging Controller Model For Onramp To Decelerate  
Different merging controllers relying on V2I communication are discussed. These 
algorithms result in different gap distributions on the mainline as well as different arrival time 
distributions on the onramp in order to evaluate the traffic performance measures such as travel 
time. Traffic simulation platforms can give comprehensive insights into the different controllers 
that serve the merge area traffic. After that, the analysis of simulation results can assist to 
evaluate and modify the algorithm for best performance in the merge area.  
3.7 Development of Traffic Simulation Platforms for CAVs 
The designed merging controller is implemented in a simulation platform with the main 
objective of evaluating the effectiveness of each merging controller on the various traffic 
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conditions. This is achieved by obtaining the modeling simulations, evaluating merging 
performance, and the changes in performance measures.  
One of the powerful tools to study traffic flow in micro-scale is PTV Vissim. Over the past 
decade, many researchers have used PTV simulations to evaluate the MOEs. The main 
components of Vissim simulation are grouped to layout, input, and evaluation. The layout 
includes the geometry of the network, the behavior component assigned to links, and the 
infrastructure design. The main focus of the network layout are the links which build the 
geometry of a network. Then, the behavior attributes define the characteristics of driving on the 
roads. Similarly, an RSU is as added with its attributes. 
The input traditionally has been adapted from a traffic flow collected from a network. 
Accordingly, the traffic input is calibrated using the collected speed and traffic counts in several 
locations along the roads. Other components of the simulation, specifically car-following 
behaviors, should be adjusted until reaching the observed traffic parameters. Vehicle 
compositions also reflect the ratio of heavy trucks, private cars, public transport, and pedestrians.  
Last, an evaluation should be set up to collect measures of performance in desirable locations to 
be used in a model calibration. The complete list of measures is available in PTV manual (PTV 
2018). The most important variables for researchers and engineers are MOEs of travel time, the 
number of vehicles entering and leaving the network, delay, speed, and acceleration. The 
conventional approach for a model calibration, however, is not easily applicable to the 
investigation of CAVs application because the historical traffic data for CAVs is not available.  
In a simulation, a time interval determines how often the data should be collected. Each 
simulation was repeated with several random seed numbers to account for reliable, and 
reproducible results. With the use of the Component Object Model (COM) interface, the Vissim 
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API can be changed. In this research, PTV Vissim 9.00 07 is utilized for modeling and 
evaluation of the developed algorithm because the behaviors of individual vehicles are taken into 
consideration. The COM interface defines a hierarchical model in which the built-in functions of 
the Graphical User Interface (GUI can be manipulated by programming (Tettamanti and Horváth 
2015). Python programming provides a suitable platform via scripts for the Vissim COM to 
execute the connected vehicle applications such as the data dissemination, platooning, and V2I 
communication. Different parts of each simulation model including network configuration, 
vehicle input, car-following, communication, and data collections are explained in detail in the 
following sections. 
The vehicle’s movement in the simulation is defined by its main parameters including 
acceleration/deceleration, speed, speed difference, longitudinal and lateral spacing. Acceleration 
is defined as a function of the speed difference and the relative distance between each vehicle 
and its preceding vehicle which is bounded by maximum and minimum values. The range of 
speed dictates the boundaries in a way that at lower speed, the acceleration rate is higher and vice 
versa as shown in Figure 10 (a). On the other hand, deceleration and speed follow a constant 
trend as shown in Figure 10 (b) according to Wiedemann 74. Acceleration also depends on the 






(a) acceleration (b) deceleration 
Figure 10. Acceleration and Speed Relationship Examples Adapted from a Visism Model For a 
Vehicle Class of Car  
As mentioned previously, traffic theory states that the car-following models include free 
flow, constrained acceleration or deceleration, and emergency braking (Table 1). The constrained 
car-following in Table 1 (b) adjusts speed with respect to a preceding vehicle to maintain a gap 
which is not smaller than a minimum safe gap. In the emergency braking case in Table 1 (c), one 
should brake with the maximum deceleration to avoid a collision. In Table 1, 𝑎+and 𝑎−represent 
acceleration and deceleration, respectively. 
Table 1. Acceleration and Deceleration in Car-following Models 
(a) free flow (b) constrained (c) emergency deceleration 
{
𝒊𝒇 𝒗 == 𝒗𝒅𝒆𝒔𝒊𝒓𝒆𝒅
𝒂 = 𝟎








𝑖𝑓 𝑣 == 𝑣𝑝𝑟𝑒𝑐𝑒𝑑𝑖𝑛𝑔
𝑎 = 0
𝑒𝑙𝑠𝑒𝑖𝑓 𝑣 < 𝑣𝑝𝑟𝑒𝑐𝑒𝑑𝑖𝑛𝑔  
𝑎+




 𝑣 > 𝑣𝑝𝑟𝑒𝑐𝑒𝑑𝑖𝑛𝑔
𝑎− ∶ max 𝑑𝑒𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛
 
 
An acceleration increment (𝑎+and 𝑎−), in free flow or constrained, can be determined by 
the car-following model that accounts for CACC. In the presence of vehicle communication, 






















































greater than the communication range, a free flow condition is applied. When a headway is less 
than the communication range, CACC acceleration can be assumed. In the case of a headway as 
close as an emergency gap, the vehicle brakes with maximum deceleration. The following 
equations calculate acceleration with speed and distance values which are bounded by the 
maximum and minimum acceleration values. CACC model sends new speed values to the 
corresponding vehicles based on equations 3 and 4 (Arem, Driel et al. 2006): 
𝑎𝑐𝑎 = 𝑎𝑝 + 𝑘𝑣(𝑣𝑝 − 𝑣𝑓) + 𝑘𝑑(𝑑𝑐 − 𝑣𝑐𝑡𝑔)      (3) 
𝑎𝑐𝑎𝑐𝑐 = 𝑚𝑎𝑥 [𝑎𝑚𝑖𝑛 ,𝑚𝑖𝑛 (𝑎𝑐𝑎, 𝑎𝑚𝑎𝑥)]     (4) 
where 𝑎𝑐𝑎 is controlling acceleration for the vehicle, ap is the preceding vehicle acceleration, kv 
is the speed gain factor,  𝑣𝑝 is the preceding vehicle speed, 𝑣𝑓 is the following vehicle speed, 𝑘𝑑 
is the distance gain factor, 𝑑𝑐 is the current distance between preceding and new vehicle, 𝑣𝑐  is 
the current speed of vehicle, 𝑡𝑔 is the time gap ahead of vehicle, 𝑎𝑚𝑖𝑛 is the minimum 
acceleration, 𝑎𝑚𝑎𝑥 is the maximum acceleration, 𝑎𝑐𝑎𝑐𝑐  is the next vehicle acceleration.  As a 
result of CACC vehicles can follow each other with a short headway similar to a train where the 
desired speed is assigned to them. The platooning is modeled in the simulation through script-
based functions which will be explained extensively in the following sections. 
3.8 Calibration and Validation of Car-following within the Simulation 
PTV Vissim works with the famous psychophysical car-following model developed by 
Wiedemann in 1974 which considers the speed difference between a moving vehicle and its 
preceding vehicle, and whether to decelerate or accelerate based on the drivers’ perception 
thresholds (Fellendorf and Vortisch 2010, Higgs, Abbas et al. 2011, Aghabayk, Sarvi et al. 
2013). The Wiedemann 74 model allows for a driver to imperfectly perceive the preceding 
vehicles speed.  Nevertheless, V2V and high level of automation can precisely deliver the 
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surrounding vehicles acceleration, speed, and headways which are essentials in the car-following 
acceleration calculation. For this reason, any CAV car-following model should be calibrated and 
validated for its specific application.  The performance of the model is also evaluated for 
different vehicle inputs.  
In the Vissim simulation, vehicles are considered to follow the modified version of 
Wiedemann 74 except for the RSU commands which override the current performance of 
vehicles in the range of communication to accommodate merging maneuvers. To take priority 
over the default behavior, the boundary condition should allow for the called changes. 
According to Wiedemann 74, the desired distance 𝑑 is calculated from standstill distance 𝑎𝑥 and 
the parameter as shown in equations 5, 6, 7: 
𝑑 = 𝑎𝑥 + 𝑏𝑥       (5) 
𝑏𝑥 = (𝑏𝑥𝑎𝑑𝑑 + 𝑏𝑥𝑚𝑢𝑙𝑡 ∗ 𝑧) ∗ √𝑣    (6) 
𝑣 = min (𝑣𝑠𝑢𝑏𝑗𝑒𝑐𝑡 , 𝑣𝑝𝑟𝑒𝑐𝑒𝑑𝑖𝑛𝑔)    (7) 
where 𝑧 is a random draw from a normal distribution of 𝑁(0.5,0.15), 𝑏𝑥𝑎𝑑𝑑 is additive part of 
safety distance, 𝑏𝑥𝑚𝑢𝑙𝑡 is multiplicative part of safety distance,  𝑣𝑠𝑢𝑏𝑗𝑒𝑐𝑡  is the speed of a subject 
vehicle and 𝑣𝑝𝑟𝑒𝑐𝑒𝑑𝑖𝑛𝑔  is the preceding vehicle’s speed in m/s. The default values of 𝑎𝑥, 𝑏𝑥𝑎𝑑𝑑 ,
𝑎𝑛𝑑 𝑏𝑥𝑚𝑢𝑙𝑡 are 2, 2, and 3 in Vissim.  With CAVs, however, these parameters are calibrated to 
reflect the effect of the advanced technology in the simulation. Lower additive values are 
examined to account for sensors measurement rather than drivers’ perception. In this section, the 
concept and formulation of the applied car-following and its modification are described. In the 




3.9 Modification of Car following Parameters in Vissim Simulation 
The Vissim car following parameters are explained here in order to understand the 
modification of the software to model CAVs. Because CAVs are meant to be connected beyond 
the eyesight of drivers, the parameters for car-following in Vissim simulation is revised as shown 
below. In Vissim simulation, car-following parameters are grouped into three main folds; 
longitudinal, lane change, and lateral parameters. The main six longitudinal parameters are 
defined as shown in Table 2. 
Table 2. Car Following Longitudinal Parameters Definitions 
Name Definition 
Look ahead distance The distance that each vehicle can see in front 
Look back distance The distance that a vehicle can see backwards 
number of observed vehicles 
Affects the perceiving movements of each other 
accordingly 
Average standstill distance 
Average desired distance between cars when they are 
fully stopped 
Additive part of safety distance 
Affect the safe distance between two consecutive 
vehicles to account for drivers’ judgment 
Multiplicative part of safety distance 
affect the safe distance between two consecutive 
vehicles to account for drivers’ judgment 
The look-ahead distance is increased as CAVs are communicating along the road. CAVs 
are meant to keep smaller standstill distances as well as smaller distances at non-zero speed. 
They could also accelerate faster and more smoothly from a standstill. CAVs follow other 
vehicles with smaller oscillating distance (Multiplicative Part of safety distance). They 
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communicate with each other and infrastructures. They can perform lane change at a higher 
speed cooperatively. The default and the new reduced values to account for CAV technology are 
shown below. The value of Standstill is decreased to allow for smaller gaps while vehicles stop. 
Also, the additive part and Multiplicative Part are reduced to account for more stable and 
uniform car following compared to the human-driven variations.  
Table 3. Modification of Longitudinal Car Following Parameter  
Parameter Unit Vissim default CAV 
Look ahead distance m 0 to 250 0 to 500 
Look back distance m 0 to 150 0 to 300 
Observed vehicles  2 10 
Average standstill distance m 2 1.5 
Additive part of safety distance  2 0.1 
Multiplicative Part of safety distance  3 0.1 
Another group in car-following is called the lane change parameters. This affects the 
smoothness or aggressiveness of lane change performance. The parameters are defined in Table 4. 
A vehicle is performing lane change named “Own” and the vehicle is located ahead of that named 




Table 4. Car Following Lane Change Parameters Definitions 
Name Definition 
Max Deceleration Maximum deceleration rate 
Accepted deceleration Acceptable deceleration rate 
-1 m/s2 per distance The reducing rate from maximum deceleration proportional to 
the distance from the emergency stop 
Min headway -front/rear  A distance to the vehicle in front in case of changing lane from 
a standstill condition 
Safety distance reduction 
factor 
Affects the decision to change lane given the distance of the 
vehicle to other vehicles in the adjacent lane 
Max deceleration for 
cooperative braking  
Affects the trailing vehicle’s cooperative braking in order to 
allow a leading vehicle to change lane 
Max speed difference (mph) Maximum speed difference  
Max collision time (s) Required for a change of the lateral position 
CAVs are expected to perform better cooperative lane changing compared to the drivers. 
Hence, lane change parameters are adjusted as shown in Table 5. Minimum headway is reduced 
to account for the smaller acceptable gap between a vehicle and its following vehicle in the 
adjacent lane. Safety distance reduction was considered to account for driver’s perception of 




Table 5. Modification of Lane Change Parameters 
Parameter Unit Vissim default Cav 
General Behavior  Free lane  Free lane  
Max Deceleration -own vehicle m/s2 -4  -4  
Max Deceleration -trailing m/s2 -3 -3 
-1 m/s2 per distance - own veh & training veh m 200 200 
Accepted deceleration - own veh  m/s2 -.5 -.5 
Accepted deceleration - trailing veh  m/s2 -.5 -.5 
Min headway -front/rear  m .5 .3,.4 
Safety distance reduction factor  0.6 .4 
Max deceleration for cooperative braking  m/s2 -3 -3 
Cooperative lane change  - checked 
Max speed difference (mph) Km/h 10.8 10.8 
Max collision time (s) s 10 10 
The last group in the Car-Following includes lateral parameters. These parameters are 
defined in Table 6. These parameters mostly contribute to keeping vehicle lateral orientation 
regarding its lane. In addition, the lateral values are affecting turning movements such as the 
maneuvers at an intersection.  
Table 6. Car Following Lateral Parameters Definitions 
Name Definition 
Collision time gain (s) Required for a change of the lateral position. 
Min longitudinal speed (mph) Minimum speed allows lateral movement 
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The lateral parameters maintain their default value to avoid any unrealistic lateral 
movement. Moreover, lateral positioning of a vehicle is not within the scope of this research. 
These parameters are more related to dynamic of vehicle movement rather than a decision to take 
a specific maneuver. Since, in this study, no arterial is modeled, these parameters shall remain 
intact. As shown in Table 7. Moreover, each vehicle is assumed to drive in the middle without 
specific lateral orientation toward its left or right.  
Table 7. Value of  Lateral Parameters 
Parameter Unit Vissim default Cav 
Collision time gain (s) Second 2 2 
Min longitudinal speed (mph) Km/h 3.6 3.6 
The car following parameters are modified to be compatible with CAV technology. The 
adjusted values allow for essential maneuvers such as platooning, lane changing and smooth 
maneuvers.  
3.10 Merging Area Configuration Designed in the Vissim Simulation 
The configuration of the model is a 2-lane highway, an onramp followed by an auxiliary 
lane, plus an RSU at the merging point as presented in Figure 3. The network configuration is 
created in the Vissim simulation model and split into four main segments in upstream, middle 
(including the auxiliary lane), downstream (right after the auxiliary lane), and onramp, these are 
attached to each other with several connectors.  
In the simulation, car-following should be assigned to link behavior. To allow for CAV 
applications such as following short headway, the car-following has been modified as explained 
in the previous section. The modified car following behavior is assigned to the links in the 
simulation model.  
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3.11 Implementation of CAV Technology Algorithms in Vissim Simulation 
By utilizing COM programming, several components of the model are coded via Python 
and compiled in the simulation platform. These algorithms include platoon input, V2I 
communication, travel time estimation, and merging controllers which are explained here.  
In a conventional traffic simulation, vehicle input is defined through vehicle input option, vehicle 
composition, and vehicle class. However, in this model to account for platooning, the vehicle 
input is programmed in Python and inserted through script option in the simulation. This method 
is also result in a short running time as it reduces the overhead per call to almost zero (PTV 
2018). The event-based scripts in Vissim stay active during the simulation. Other advantages of 
this method are that global variables retain their values between event-based calls of the script’s 
functions. It is important to run simulations efficiently because many runs should be repeated to 
account for the randomness of the results.  
Platooning is coded by assigning vehicles on each lane separately with a random arrival 
time, random size, the maximum size (𝑝𝑙𝑚𝑎𝑥), intra-platoon gap (𝑝𝑜𝑠), and desired speed (𝑉𝑑𝑒𝑠) 
as shown in Figure 11. Then, through scripts, input is provided on three lanes; two on the 
mainline link, and one on the onramp link. A random size is chosen for each platoon rather than 
a uniform platoon size to bring a variety of gaps in the merging area rather than a uniform gap 
size with the same platoon size. It is intuitive that merging into the mainline can be modeled with 





Figure 11. Vissim via COM Interface and Python 
To model the randomness of vehicles, a maximum platoon size (𝑝𝑙𝑚𝑎𝑥) is assigned rather 
than only one platoon size. For instance, a maximum platoon size of six means that platoons 
arrive on a lane with 1, 2, 3, 4, 5 or 6 vehicles. The randomness of platoon size can provide 
scattered distribution of gaps on the mainline. Moreover, the different platoon sizes on the 
onramp add to the variation of the vehicles arrival time to the merge area. 
Different platoon inputs have been implemented to evaluate the network capacity. It is 
necessary to evaluate the performance of automated merging controller with more vehicles on 
the road but not on a congested road. The reason is that platooning is assumed to increase the 
capacity. As a result, more vehicles can drive with a high speed and a short headway. Moreover, 
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the controller attempts to accommodate merging vehicles in a moderate traffic condition rather 
than a heavily congested segment. After running simulation for many different platoon sizes, the 
automated merging controller’s performance is examined with the following combinations.  
The V2I communication algorithm shown in Figure 11 is between vehicles and the RSU 
to collect data and eventually find available gaps in the merge area every 0.1 seconds. The RSU 
is located at the merging point (𝑀𝑃). As soon as a vehicle falls in the range of its communication 
(𝐷𝑉2𝐼), it receives a label (𝑉2𝐼𝑚𝑠𝑔) to transmit its data to the RSU.  After the RSU receives 
vehicles data including vehicle id, speed, acceleration, position, link, lane, lane change status, 
headway, and speed difference, the travel time estimation becomes possible. Given the V2I 
communication, merging maneuvers based on different controllers are possible using the Python 
script in the simulation process. Altogether, the integrated Python in Vissim is designed to 
implement the developed merging controller and produce the output. The results are used to 
evaluate and revise the controllers. A snapshot of the generated traffic flow in the simulation is 
shown in Figure 12. Both the mainline and the onramp platoons are captured in the picture.  
 
Figure 12. Snapshot of Vissim Simulation 
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3.12 Data Collection for Measures of Effectiveness (MOE) in Vissim Simulation 
Vissim simulation is a powerful platform to collect data in any location with any time step. 
The resolution of data collection can be as small as a tenth of a second. The simulation has the 
option to collect both the raw data and the tidy data. The raw data is vehicles’ information per 
each simulation time step. The tidy data set is aggregated per pre-defined time interval per 
measurement section. Given the data collection setup, the data can be selected at any segment of 
the network separately. However, collecting the raw data at a tenth of a second for each foot of a 
simulation is not necessary for evaluation purposes. Hence, a time interval of ten minutes is set 
to aggregate the data. Moreover, several locations are shown in Figure 13 along the ramp, 
upstream, middle, and downstream are defined to capture speed in each segment. In the 
simulation, data collection points are defined per lane per location. Then the data collection 
points at each cross section are grouped to form data collection measurements (DCM) as defined 
in Table 8.  
 
Figure 13. Data Collection Measurement (DCM) 
The table below describes the data collection measures where the speed and vehicle 
counts are collected. Four DCM are on the upstream 𝑢𝑝𝑠𝑡𝑟𝑒𝑎𝑚1:4, seven on the ramp 𝑟𝑎𝑚𝑝1:7, 








three on the middle 𝑚𝑖𝑑𝑑𝑙𝑒1:3, and four on the downstream 𝑑𝑜𝑤𝑛𝑠𝑡𝑟𝑒𝑎𝑚1:4 as shown in Table 
8. 
Table 8. Data Collection Measurements 
NO NAME DATACOLLECTIONPOINTS 
1 Upstream_1 6,7 
2 Upstream_2 27,28 
3 Upstream_3 25,26 
4 Upstream_4 2,3 
5 ramp_1 17 
6 ramp_2 16 
7 ramp_3 15 
8 ramp_4 14 
9 ramp_5 13 
10 ramp_6 1 
11 ramp_7 18 
12 middle_1 19,20,21 
13 middle _2 10,11,12 
14 middle _3 22,23,24 
15 downstream_1 4,5 
16 downstream_2 29,30 
17 downstream_3 31,32 
18 downstream_4 8,9 
In Vissim, by defining travel time measurements, collecting travel time over the specific 
length of the road becomes possible. A vehicle travel time measure starts at a from-section and 
ends at a to-section. The mean travel time from traversing the “from-section” up to the “to-
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section” is calculated over the distance traveled between the sections (PTV 2018). In the model, 
In the model, travel time measurements are made on the upstream, downstream, and ramp 
portions of the highway as shown in Figure 14.  
 
Figure 14. Travel Time Measurements 
The scenarios have two main components of platoon and controller as shown in After 
extensive trials, the scenarios in  and Table 10, respectively. In the platooning function, four 
factors are time step, size, speed, and headway as shown in the first row of After extensive trials, 
the scenarios in . The variable of time step shows how often the platoon code is run within a 
simulation. In the script, it can be specified that at what time steps each function will be executed 
by the variable named period. Period or a time step says every timesteps this script is executed. 
Moreover, in simulation parameters, the simulation resolution is set to 10-timesteps per 
simulation second. Then, setting period to 100 means this script is executed every 10 seconds. In 
other words, every ten seconds a platoon will enter the lane. The next variable is size. In this 
script to account for different sizes, a random size is generated based on a normal distribution. 
For example, a max platoon size of 12 vehicles makes a random size between (1,12). 
The speed values of 25, 37, and 50 mph (40, 60, and 80 km/h) are selected. The headway 
value is selected to meet the minimum safe gaps as well as compatibility with the car-following 
parameters. The selected speed values and headways result in 0.9, 0.6, and 0.45 seconds time gap 
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for 40, 60, and 80 km/h, respectively. These time gap values are more than the minimum 
headway of 0.3 seconds as shown in Table 5. 
After extensive trials, the scenarios in Table 9 are selected to evaluate the performance of 
the automated controllers. The scenarios cover different speed, platoon size on both mainline and 
ramp.  
Table 9. Selected Base Scenarios Tested in Vissim Simulation 
Scenario 
Platoon 
Time step Size ~ (1,numVeh) Speed (km/h) Headway (m) 
12-12-40-10 100 12-12 40 10 
12-12-60-10 100 12-12 60 10 
10-12-60-10 100 10-12 60 10 
12-10-60-10 100 12-10 60 10 
150-12-12-80-10 150 12-12 80 10 
The simulation scenarios in Table 9 are named based on the variables in platooning 
function. For example, in the first row of Table 9, Scenario “12-12-40-10” means a scenario 
includes platoons with the desired speed of 40 km/h, headway 10 m, a random size between 1 to 
12 on both the ramp and the mainline which arrive on the network every 10 seconds (100 × 0.1).  
For each scenario with the desired speed of 60 km/h, the automated merging controller 
alternatives in the simulation are as shown in Table 10. 
The alternatives are folded into three main groups of lane change (L), slow down on the 
ramp (R), and slow down on the mainline (S). Then, after several trials, two sets of variables 
have been selected for each alternative accounting for the effect of additive gap factors. For lane 
change alternatives, two additive factors are considered, additive merge gap and additive lane 
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change gap. The additives can show the sensitivity of the controller performance to the 
additional gaps that could be provided.  
In the course of preparation, simulation runs revealed that the slow-down alternative on 
the mainline requires a greater time step compared to the two other alternatives. The reason is 
that more frequent slow down on the mainline adversely affects the speed value on the mainline, 
yet provides no help for the ramp vehicles.  
Table 10. The Selected Automated Merging Controller Alternatives 








Lane Change 200 15 
0.5 1 
L_2 1 0.5 
R_1 
Ramp Slow Down 200 15 
0.5  
R_2 1  
S-1 
Mainline Slow Down 400 15 
1  
S-2 0.5  
The controller parameters including Name, Time step, Minimum speed, Additive Merge 
Gap, and Additive Lane Change Gap are shown in Table 10. Similar to the time step used in the 
platooning function, time step indicates how often the controller is executed.  After several trials, 
the most efficient time step for each alternative is selected to achieve an acceptable performance. 
For example, lane change advisory for the first scenario with platoon maximum size of 12 on 
both the mainline and the ramp, is effective with the time step value of 200. In another words, 
the controller is executed every 20 seconds via script in Vissim simulation.   
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Minimum Speed is a threshold speed for the controller. If a vehicle's speed is less than 
the minimum speed, then no alternative decision is considered. This condition is necessary to 
control the traffic condition in the merge area. After trials from zero to 20 m/s the value of 15 
m/s is selected for the minimum speed which is equivalent to 33.5 mph. The reason is first the 
controller demonstrated the best performance with this boundary condition compared to the 
smaller values. Second, increasing this threshold shows no more improvement in the controller 
performance.  The automated merging controller passes a new decision to a vehicle if its speed is 
above 15 m/s, otherwise lane-change or slowdown was found to not help the merge area’s traffic 
condition.  
Additive Merge Gap and Additive Lane Change Gap are the safety gain factors in the 
controller to account for uncertainties of the travel time estimation. At the moment of performing 
lane change the gap ahead or beyond could be as small as 0.6 seconds, however, by the time the 
controller checks the availability of this decision, the additive gap factor can help safety and the 
possibility of that action in the upcoming time steps.  
3.13 Principles of ANOVA and Tukey’s Multiple Comparison Test 
It is necessary to choose a statistical analysis that it considers the effect of both scenarios 
and DCM on performances. The two-way ANOVA allows for detection of variation among and 
between groups.  It can be used to test the variation of each MOE (Speed or Travel Time) among 
the DCM (i.e. data collected) and between the scenarios. Hence, an independent variable is 
simulation scenario or treatment. The independent variable is also a grouping variable with a 
specific level of the variable.  In each group, all members receive the same treatment, yet it is 
different for other groups. The independent variable has at least two levels. In this research, 
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several scenarios (group or treatment) are compared for one factor or variable so that any 
dissimilarity between the groups can be attributed to that one factor (Wright and Lake). 
Accordingly, the study is designed to manipulate one variable and measure the effect of 
that manipulation on another variable. An example is having scenarios with different platoon 
sizes (a variable to manipulate) and searching for the effect of platoon size on the speed values (a 
variable to measure the effect of the manipulation).  Depending on the manipulation in Table 11, 
the groups and the effect on other variables at different levels are investigated. The first 
experiment investigates the effect of desired speed value on the traffic condition of different 
DCMs in terms of MOEs including vehicle throughput, speed, and travel time variations. The 
second experiment studies the effect of platoon size on the merge area traffic conditions. 
Afterward, the effect of the automated merging controller is presented in the same way.  
Table 11. Manipulation Brought by Independent Variable 
Independent Variable Manipulation 
Desired Speed Does the desired speed of platoons affect the traffic condition? 
Size of platoon Does the size of platoon affect the traffic condition? 
Automated Merging Does the Automated Merging Controller affect the traffic condition? 
This set of scenarios explores the changes of MOEs related to the number of vehicles in 
platoons. In other words, whether the size of platoons could change the speed, or travel time. The 
last set and the most important experiment investigate the effect of automated merging controller 
deployment. The effectiveness of the controller in changing of speed, travel time, and volume are 
explored.   
The traffic condition is also studied to understand the effect of the desired speed and size 
of platoons in the simulation. They are especially important because their variation can 
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determine the domain in which a controller is effective. In this case, a scenario stands for a group 
with a distinctive speed or size. Hence, the two-way ANOVA is chosen to evaluate the 
effectiveness of the controller. The two-way ANOVA is formulated as shown in equation 8: 
𝑓(𝑎𝑛𝑜𝑣𝑎) = 𝑀𝑂𝐸~𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 + 𝐷𝐶𝑀 + 𝐷𝐶𝑀: 𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜   (8) 
The two-way ANOVA test is designed to examine the changes in speed or travel time 
(MOE) affected by scenarios, the section of roads (DCM) and their interaction. The analysis of 
variance can be applied as an exploratory tool to explain the simulation results. In the application 
of ANOVA, the null hypothesis is that groups of data have the same effect. In this research the 
null hypothesis is that the automated merging controller has no effect on speed or travel time. 
Two-way ANOVA determines whether a response is affected by two factors which here are 
scenario and DCM. The ANOVA table categorizes the overall variability between measurements 
by sum of squares of four groups: interactions between row (DCM) and column (Scenario), 
variability among columns, variability among rows, and residual or error (variation among 
replicates). Each component of the ANOVA table has sum-of-squares, degrees of freedom, mean 
square, and the F ratio as defined below in Table 12. If the null hypothesis is true, the F ratio is 
likely to be close to 1.0. If the null hypothesis is not true, the F ratio is likely to be greater than 
1.0. The F ratio determines P values for overall interaction, columns, and rows (Sheskin 2003, 
GraphPad 2017). P value determines the significance of results. P value less than alpha (i.e., 
0.05) rejects null hypothesis and shows strong evidence against the null hypothesis. Otherwise, 




Table 12. Definiton of Two-way ANOVA Parameters  
Parameter Definition 
sum of squares sum of the square of variation between each individual value and the mean 
degrees of freedom  N -1 (N= number of sections)  
mean square  sum of squares over degree of freedom 
F ratio  ratio of the mean-square for source of variation to the residual mean square 
The graph pad software is used for statistical analysis on the simulation results. The data 
are organized in row and columns (Prism 2018). The assumption of a two-way ANOVA similar 
to a multi-way for a study with a quantitative outcome and two or more categorical explanatory 
variables. The usual assumptions of normality, equal variance, and independent errors apply. The 
assumption of normality is not too important with large samples with equal sample sizes. The 
violation of normality assumption increases the false positive.  
The structural model for two-way ANOVA with interaction considers that each 
combination of levels of the variables has its own population mean with no restrictions on the 
patterns. One common notation is the population means of the outcome for subjects with a level 
a of the first explanatory variable (Scenario) and level b of the second explanatory variable 
(DCM) as 𝜇𝑎𝑏  which is the average per each scenario per each DCM.  
The null hypothesis for interaction is that there is no interaction between scenarios and 
DCMs. It states that any differences between Scenarios are the same for each DCM and that any 
differences between DCMs are the same for each Scenario. Then the null hypothesis is that the 
differences between the scenarios are consistent for ramp, upstream, and downstream. The P 
value shows if the null hypothesis is true. It tests the chance of randomly sampling subjects and 
ending up with as much interaction than what is observed. The concept of interactions is shown 
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in Figure 15 with two scenarios a1 and a2 for two locations b1 and b2. For no interaction, the 
patterns are similar for different scenarios (graph the left). The scenario (a1 or a2) has the same 
effect in location b1 and b2 in a way that speed is lower for a1 compared to a2. The graph on the 
right in Figure 15, in contrast, shows an interaction. The effect of the scenario is completely 
different in b1 (higher speed) and b2 (lower speed). The scenario has an opposite effect for b1 
and b2 (Prism 2018). 
 
Figure 15. Interaction Definition in Two-way ANOVA 
The ANOVA table shows the main effect, the interaction, and the error. Each of these 
lines represents mean square. For the main effects and interaction, there are F ratio and 
corresponding p-values. The F ratio is equal to the mean square value divided by the error MS 
value and corresponding p-values. The ANOVA table includes overall and interaction analysis. 
In the presence of an interaction, the p-value for the interaction is an important parameter 
because the changes it can show in both explanatory variables on the outcome of an experiment 
are significant.  
The null hypothesis for the interaction F ratio is that there is an additive relationship 
between the two explanatory variables in their effects on the outcome. If the p-value for the 
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interaction is less than alpha, then statistically significant interaction and evidence that any 
dissimilarity must be real rather than due to random error. If the interaction p-value is 
statistically significant, then it can be concluded that the effect on the mean outcome of a change 
in one factor depends on the level of the other factor. Inference for the two-way ANOVA table 
first utilizes the interaction p-value to discern whether to reject the null hypothesis if the additive 
model is sufficient. If that p-value is smaller than , then the acceptability of the additive model 
is rejected, and it is concluded that both factors affect the outcome. Moreover, the effect of 
changes in the level of one factor depends on the level of the other factor. If the interaction p-
value is larger, then it is concluded that the additive model is adequate. Next, the analysis should 
be one-way ANOVA to interpret the p-values. The effects of changes in one factor are realized 
to be the same at every level of the other factor (Seltman 2012). 
The column factor represents data per time interval per simulation scenario. Each scenario 
has six time-intervals repeated five times with different random seeds to randomize which sum 
up to 30 columns per scenario. The effect of a time interval is disregarded since the changes in 
variables per location is more important than time of occurrence. The row factor represents 18 
DCM along the network. The goals of analysis are 1) To assess whether the difference between 
treatments is more than expected by chance, 2) To evaluate whether the difference between 
treatments are consistent for each line, 3) To calculate a confidence interval (95%) for the 
difference within each treatment. According to the two-way ANOVA, overall interaction 
between sources of variations is considered extremely significant if the P value is < 0.0001. 
Afterward, to analyze the effect of DCM in different scenarios, Tukey's multiple comparisons 
analysis is executed. Moreover, the error bar plot shows mean plus or minus two-standard error. 
58 
 
For this plot, the standard deviations and sample sizes for each of the groups are separately used 
to construct the error bars. 
3.14 Principles of Tukey's Multiple Comparisons Test 
Tukey compares every mean with every other mean as a follow-up part of two-way 
ANOVA. 
The reported parameters in Tukey’s table are shown in Table 13. In Tukey’s test the q ratio for 
each comparison is reported.  The q ratio is computed using the difference between the two 
means (D) and the standard error of that difference which is computed from all the data (SED) as 




)2      (9) 
Confidence intervals provide more information than point estimates using the q ratio. The 
adjusted P value is the smallest familywise significance level as part of the multiple comparison 
testing.  
Table 13. Tukey’s Test Parameters Definition 
Parameter Definition 
Mean Diff. Difference between the two means  
q ratio The standard error of the difference 
95% CI of diff. 
Confidence intervals for means are intervals constructed using the 
population mean and a specified proportion of the time (95%) 
Adjusted P Value 
The smallest familywise significance level at which a particular 
comparison will be declared statistically significant  
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In summary, the two-way ANOVA and Tukey's multiple comparisons test are considered to 
evaluate the traffic condition and the performance of the automated merging controller with 




4 RESULTS AND EVALUATION OF MEASURES OF EFFECTIVENESS 
4.1 Measures of Effectiveness of Vissim simulation 
To evaluate the performance of the automated merging controller, a merge area equipped 
with the controller is modeled in Vissim. Each scenario is run with five different random seeds 
for 900 seconds warm up, 3,600 seconds main simulation time, and 900 seconds cool down. Data 
is collected on measures of effectiveness within each time interval of ten-minute interval during 
main simulation time. As a result, 30 values for each DCM and each travel time measurement 
section are assembled.  The MOEs are collected by setting the evaluation in the Vissim 
simulation based on the described time interval. The data collected from warm-up and cool-down 
portions are excluded from the collection. The designated MOEs and the definitions are 
presented in Table 14. 
Table 14. Measures of Effectiveness (MOEs) 
MOE Units Definition 
Speed km/h Average speed of vehicles per DCM per time interval 
Acceleration/Deceleration m/s2 Average acceleration of vehicles per DCM per time interval 
Number of vehicles - Vehicles count per DCM per time interval 
Travel time second Average travel time of vehicles per measurement section 
The main goal of the automated merging controller is to help more vehicles in the merge 
area save time and maintain their speed. On the other hand, the actions passed to the vehicles 
should be smoothly performed with respect to passenger comfort. For this reason, the 
acceleration level can project the smoothness of the maneuvers. In addition, a uniform travel 
time is desirable for both the mainline and the onramp.   
61 
 
4.2 Exploratory Data Analysis 
The summary of MOEs is presented for the different desired speed, platoon size, and then 
for the effect of the automated merging controller. The first two sets were tested to find the most 
difficult traffic condition possible in the simulation with the highest volume (vph) and yet speed 
lower than the desired value. After the first two sets were tested, a third set was tested for the 
efficiency of the automated merging controller. The essential question to ask is whether the 
controller is effective in changing of speed, travel time, and volume. In order to verify the 
number of vehicles in the simulation, the theoretical capacity for platoons is considered for 
comparison. Then, the maximum simulated vehicle count should be less than the theoretical 




× 3600    (10) 
Where, Q is capacity in vehicles per hour per lane (vphpl), N is platoon size, V is speed in (m/s), 
𝑇𝑝 is inter platoon gap in seconds, 𝑇𝑔 is intra platoon gap (s), 𝐿𝑣 is vehicle length (m), and 𝐺𝑚𝑖𝑛 
is minim gap (m). In this simulation set up with an average platoon size of 6 vehicles, the inter 
and intra platoon gaps of .6 seconds, desired speed of 60 km/h (16.67 m/s), vehicle length of 3.6 
m, and minimum gap of 1.5 m, the calculated capacity for platoons is 3,600 vphpl. The simulated 
vehicle count per hour is verified by the theoretical capacity.  
The simulation scenarios which included three different speeds of 40, 60, and 80 km/h 
are planned to only allow for merging to available gaps. The average speed and number of 
vehicles per desired speed on the on-ramp, the upstream, and the downstream are presented in 
Table 15. The simulation results show that in the base case with a low desired speed set to 40 
km/h, vehicles turned out to suffer from a low average speed of 19.95 km/h and consequently 
vehicle counts of less than 300 had a chance to enter the network. The average traffic flow of 
62 
 
4,753 vph entered the mainline while both the upstream and the downstream maintained the 
average speed of 38.8 and 37.8 km/h, respectively. Increasing the desired speed up to 60 km/h, 
allowed for 814 vph with the speed of 32.82 km/h. This speed which is less than the half of the 
desired value indicates that vehicles on the ramp suffered a long delay due to the lack of gaps on 
the mainline by the time of their arrival to the auxiliary lane. Similar to the previous scenario, the 
average speed on the mainline was not far from the desired speed. The last scenario is set with 
the desired speed of 80 km/h. In this scenario, the simulation of platoons with a time step of 100 
seconds was not possible. The 100 second time step leads to an intense drop in the mainline 
vehicles’ speed. Hence, the higher time steps were examined and the value of 150 seconds was 
chosen which means every 15 seconds a platoon arrives on each lane with a random size between 
1 to 12 vehicles. Although the higher time step restored speed, the drawback is less vehicle flow 
on the mainline compared to the previous scenario. Since the purpose of the simulation is testing 
merging maneuvers, the number of vehicles arrived on the network still are high enough to 
observe.   
63 
 
Table 15. Base Scenarios with Different Desired Speed 
Scenario Section Speed Vehicle Count 
12-12-40 
 Upstream 38.80 4753 
Ramp 19.95 295 
Downstream 37.82 5047 
12-12-60 
 Upstream 59.03 4670 
Ramp 32.82 814 
Downstream 55.25 5491 
12-12-80 
 Upstream 79.03 3114 
Ramp 75.87 1577 
Downstream 74.23 4689 
In Table 16, the simulation scenarios with the different combination of platoon sizes are 
presented. Four scenarios with the combinations of platoon sizes of 10 and 12 are created with 
the desired speed of 60 km/h. Applying the maximum platoon size of 10 vehicles on the 
mainline, and 12 vehicles on the ramp leading to 4,021 and 1,269 vehicles arrived on the 
upstream and the ramp respectively. The marginally lower platoon size on the mainline opened 
up gaps and achieved a ramp flow 1.55 times higher than the combination of 12-12, plus the 
higher average speed. Additionally, the mainline speed remained around 59 and 54 km/h for the 
upstream and the downstream, respectively. In the next scenario, the combination of 12 and 10 
on the mainline and the onramp, the upstream traffic flow slightly increased, however, the 
onramp traffic flow and its speed were decreased to 856 vph and 34.78 km/h. These results are 
comparable to the scenario with the size 12 on both the upstream and the ramp.  
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The result of employing different platoon sizes shows that the number of vehicles in the mainline 
platoons could affect the merge area traffic conditions by altering gaps on the mainline. 
Consequently, with smaller platoon sizes, the merging vehicles have less delay finding an 
appropriate gap and joining the mainline.  
Table 16. Base Scenarios with Different Platoon Size and Desired Speed 60 km/h 
Scenario Section Speed Vehicle Count 
10-10 
 Upstream 59.19 3985.8 
Ramp 39.96 1243.6 
Downstream 54.99 5234.4 
10-12 
 Upstream 59.09 4021 
Ramp 40.58 1269 
Downstream 54.83 5294 
12-10 
 Upstream 59.03 4668 
Ramp 34.78 855.8 
Downstream 55.38 5528.4 
12-12 
 Upstream 59.03 4670 
Ramp 32.82 814 





After investigating the effect of desired speed and platoon size, the automated merging 
controller with different alternatives was implemented to evaluate the potential effectiveness on 
the merge area. The summary of result for the desired speed of 60 km/h and the combinations of 
platoon sizes 10 and 12 on the upstream, downstream, and the ramp is presented in Table 17. The 
goal of this deployment is more vehicles merge easier and faster. Speed and travel time can show 
the mobility improvement in the merge area. The first row in Table 17 shows the base case with 
no controller. As described before lane change, slow down on the ramp, and slow down on the 
mainline are represented by L, R, and S. The 1 and 2 show the additives to ensure that vehicles 
have enough gaps to slow down or lane change. The upstream speed was close to the desired 
speed while the onramp speed was 33% less than that. The application of the controller improved 




Table 17. Automated Controller for Platoon Size Combination of 10-12 
Scenario Section Speed Vehicle Count 
10-12 
 Upstream 59.09 4021 
Ramp 40.58 1269 
Downstream 54.83 5294 
10-12-L-1 
 Upstream 58.97 3966 
Ramp 58.71 2402 
Downstream 57.32 6369 
10-12-L-2 
 Upstream 58.89 3961 
Ramp 58.94 2354 
Downstream 57.08 6309 
10-12-R-1 
 Upstream 58.54 3914 
Ramp 56.60 2363 
Downstream 56.04 6273 
10-12-R-2 
 Upstream 58.95 3975 
Ramp 57.50 2303 
Downstream 56.86 6283 
10-12-S-1 
 Upstream 58.92 3979 
Ramp 58.86 2356 
Downstream 57.21 6332 
10-12-S-2 
 Upstream 58.87 3971 
Ramp 59.14 2294 




The automated merging controller with lane change advisory, speed advisory on the 
ramp, and slow down on the mainline have been examined. The simulation results show that the 
application of the controller slightly decreases the mainline throughput from 4,021 to 3,914 vph 
while the onramp throughput improved up to roughly twice in the case of no controller. The 
onramp traffic flow increased greatly from 1,269 to 2,363 vph. This successful application was 
combined by the well-maintained speed on both the upstream and the downstream in addition to 
the higher speed on the onramp. The average speed increased from 40.58 km/h up to 58.94 km/h. 
The result also showed the controller application is especially successful when the onramp speed 
is not extremely low. In this set of scenarios, the base case had the average onramp speed of 
40.58 km/h which is 30% less than the desired speed of 60 km/h. The application of the 
automated merging controller results in over 6,200 vph on the downstream which accounts for 
3,100 vphpl. This simulated vehicle count is verified with theoretical value of 3,600 vphpl which 
is calculated based on equation (10).  In the next set of scenarios, a larger size of the platoon on 




Table 18. Automated Controller for 12-10 Scenarios 
Scenario Section Speed Vehicle Count 
12-10 
 Upstream 59.03 4668 
Ramp 34.78 855.8 
Downstream 55.38 5528.4 
12-10-L-1 
 Upstream 51.27 4757.2 
Ramp 43.64 1923.2 
Downstream 44.49 6654.2 
12-10-L-2 
 Upstream 57.41 4659.6 
Ramp 54.15 1975 
Downstream 56.93 4583.8 
12-10-R-1 
 Upstream 51.13 4610.8 
Ramp 50.24 1995.6 
Downstream 55.44 6561 
12-10-R-2 
 Upstream 51.03 4716.2 
Ramp 52.42 1989.4 
Downstream 55.69 6610.8 
12-10-S-1 
 Upstream 54.95 4664.6 
Ramp 57.79 2007.2 
Downstream 57.78 6718.6 
12-10-S-2 
 Upstream 50.91 6617.4 
Ramp 55.32 1974.2 
Downstream 53.51 6643.2 
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The result for the base case showed the low vehicle throughput of 855 with the slow 
speed of 34.7 km/h on the onramp. At the same time, the upstream speed was 59 km/h and the 
throughput was 4,668 vph. The application of the controller with different alternatives 
successfully increased the speed and the throughput on the onramp without deteriorating the 
mainline traffic conditions.  
While the similar number of vehicles entered the mainline, the average speed was slightly 
less than the base case by 2 to 4 km/h. In turn, the average speed on the ramp increased to 57.78 
km/h and the throughput increased by 2.3 times more compared to the base case average speed. 
The automated merging controller greatly improved the merge area’s traffic condition.  
To understand the simulation results, the descriptive summary of each set of scenarios are 
presented in this section. In the first set, the set of scenarios for the different desired speed of 80, 
60, and 40 km/h with no controller are summarized in Table 19. The low coefficient of variation 
for the high speed of 80 km/h compared to the two other desired speed values reveals that at this 
condition, the merge area’s performance was acceptable and the vehicles were able to maintain a 
high speed of 70.35 km/h at least. For the desired speed of 60 km/h, the speed variation is high 




Table 19. Speed Statistics for Different Desired Speeds 
Desired Speed (km/h) 80 60 40 
Number of grouped values  18 18 18 
Speed (km/h)    
Minimum  70.35 32.15 18.57 
25 Percentile  74.18 32.91 18.95 
Median  76.69 55.32 37.87 
75 Percentile 78.81 59.01 38.81 
Maximum 79.21 59.14 38.94 
10 Percentile 70.38 32.15 18.63 
90 Percentile 79.15 59.08 38.89 
Mean 75.92 48.1 30.9 
Std. Deviation 2.85 12.61 9.891 
Std. Error of Mean 0.6718 2.973 2.331 
Lower 95% CI of mean 74.51 41.82 25.98 
Upper 95% CI of mean 77.34 54.37 35.82 
Coefficient of variation 3.75% 26.23% 32.01% 
In the next set of scenarios, the different combinations of platoon sizes are explored. The 
results are grouped for each scenario in Table 20. The effect of platoon size on the merge area’s 
traffic condition can be interpreted by the variation of speed. The high value of the coefficient of 
variation and the low value of 25% percentile expresses a drop in speed in the most simulation 
time. For both cases with platoon size of 10 on the mainline, the speed values have been slightly 
better than the other two combinations.  
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Table 20. Speed Statistics for Different Platoon Size  
Platoon Size 12-12 10-12 12-10 10-10 
Number of values 18 18 18 18 
Desired Speed (km/h) 60 60 60 60 
Minimum 32.15 38.83 31.04 38.78 
25 Percentile 32.91 41.04 31.67 40.25 
Median 55.32 54.92 51.92 55.14 
75 Percentile 59.01 59.07 54.97 59.07 
Maximum 59.14 59.29 55.11 59.28 
10 Percentile 32.15 39.5 31.22 39.14 
90 Percentile 59.08 59.15 55.07 59.25 
Mean 48.1 51.06 45.34 50.87 
Std. Deviation 12.61 8.763 11.23 9.086 
Std. Error of Mean 2.973 2.065 2.646 2.142 
Lower 95% CI of mean 41.82 46.71 39.75 46.35 
Upper 95% CI of mean 54.37 55.42 50.92 55.39 
Coefficient of variation 26.23% 17.16% 24.76% 17.86% 
For each combination of platoon size, the controller is deployed and the result is 
summarized in terms of the Statistics shown in Table 21, Table 22, Table 23. The speed variation 
for the platoon size of 12-12 is presented in Table 21. The scenarios are base, without controller, 
and controller with alternatives. Among the alternatives, R_2 and S_1 showed the least 
Coefficient of variation.  For the 12-12 combination the average speed was not improved. To 




Table 21. Speed Statistics for Combination of 12-12 
Scenario-controller Base R-1 R-2 L-2 L-1 S-1 S-2 
Number of values 18 18 18 18 18 18 18 
Desired Speed (km/h) 60 60 60 60 60 60 60 
Minimum 32.15 27.81 37.25 32.45 29.43 27.82 35.86 
25 Percentile 32.91 34.58 41.16 38.14 35.66 34.97 40.46 
Median 55.32 39.17 45.4 42 40.13 39.67 44.3 
75 Percentile 59.01 55.23 56.01 55.6 55.33 55.25 56.01 
Maximum 59.14 59.2 59.22 59.19 59.19 59.18 59.21 
10 Percentile 32.15 29.43 38.83 33.92 30.95 29.55 37.31 
90 Percentile 59.08 59.18 59.22 59.17 59.16 59.18 59.2 
Mean 48.1 42.55 47.59 44.83 43.39 42.69 46.81 
Std. Deviation 12.61 10.96 7.553 9.309 10.39 10.8 8.108 
Std. Error of Mean 2.973 2.582 1.78 2.194 2.448 2.545 1.911 
Lower 95% CI of mean 41.82 37.1 43.83 40.2 38.22 37.32 42.78 
Upper 95% CI of mean 54.37 48 51.34 49.46 48.55 48.06 50.85 
Coefficient of variation 26.23% 25.75% 15.87% 20.76% 23.94% 25.30% 17.32% 
Similarly, the speed variation for the platoon size of 10-12 is presented in Table 22. In 
this experiment, the platoon sizes on the mainline are smaller than the ones on the onramp. The 
speed variation is decreased compared to the platoon size combination 12-12. The overall 
performance of the controller with all alternatives were successful. The results in Table 22 show 
that with smaller platoon size on the mainline, the controller can manipulate the available gaps to 




Table 22. Speed Statistics for Combination of 10-12 
Scenario-controller Base R-1 R-2 L-1 L-2 S-1 S-2 
Number of values 18 18 18 18 18 18 18 
Desired Speed 60 (km/h) 60 60 60 60 60 60 60 
Minimum 38.83 55.46 56.48 56.98 56.59 56.78 56.82 
25 Percentile 41.04 56.22 57.09 58.18 58.42 58.39 58.66 
Median 54.92 57.58 58.18 58.79 58.79 58.84 58.92 
75 Percentile 59.07 58.87 59.1 59.21 59.21 59.22 59.25 
Maximum 59.29 59.36 59.35 59.9 60.02 59.93 60.07 
10 Percentile 39.5 55.61 56.6 57.21 56.94 57.1 57.28 
90 Percentile 59.15 59.24 59.26 59.36 59.51 59.43 59.58 
Mean 51.06 57.49 58.08 58.63 58.65 58.66 58.77 
Std. Deviation 8.763 1.389 1.01 0.7624 0.8511 0.7933 0.7939 
Std. Error of Mean 2.065 0.3273 0.2381 0.1797 0.2006 0.187 0.1871 
Lower 95% CI of mean 46.71 56.8 57.58 58.25 58.23 58.26 58.38 
Upper 95% CI of mean 55.42 58.18 58.58 59.01 59.08 59.05 59.17 
Coefficient of variation 17.1% 2.42% 1.74% 1.30% 1.45% 1.35% 1.35% 
The next experiment has smaller platoon sizes on the onramp. The speed variation for the 
platoon size of the combination 12-10 is presented in Table 23. The overall speed of merge area 
is improved with alternatives R_2, L_2, S_1, and S_2 compared to the base case. While the 
minimum speed is slightly increased in R_1 and L_1, the speed value is yet considerably smaller 
than the desired speed. Moreover, S_1 and L_2 have the least coefficient of variation values 




Table 23. Speed Statistics for Combination of 12-10 
Scenario-controller Base R-1 R-2 L-2 L-1 S-1 S-2 
Number of values 18 18 18 18 18 18 18 
Desired Speed 60 (km/h) 60 60 60 60 60 60 60 
Minimum 31.04 48.43 50.01 53.63 39.98 54.39 50.29 
25 Percentile 31.67 50.44 51.49 55.87 43.63 56.67 51.67 
Median 51.92 52.77 53.54 57.04 46.35 57.78 54.16 
75 Percentile 54.97 57.54 57.75 58.6 56.43 59.13 57.68 
Maximum 55.11 59.24 59.26 59.27 59.2 59.26 59.24 
10 Percentile 31.22 49.38 50.45 54.08 41.13 54.79 50.8 
90 Percentile 55.07 59.21 59.21 59.22 59.19 59.22 59.21 
Mean 45.34 53.6 54.31 57 48.72 57.57 54.62 
Std. Deviation 11.23 3.728 3.238 1.751 6.719 1.493 3.135 
Std. Error of Mean 2.646 0.8787 0.7633 0.4127 1.584 0.3518 0.7389 
Lower 95% CI of mean 39.75 51.74 52.7 56.13 45.38 56.83 53.06 
Upper 95% CI of mean 50.92 55.45 55.92 57.87 52.06 58.31 56.18 
Coefficient of variation 24.76% 6.96% 5.96% 3.07% 13.79% 2.59% 5.74% 
Another performance measure to evaluate the traffic condition is acceleration. The 
summary of acceleration per scenario is shown in Table 24. The average, minimum, maximum, 
and standard deviation values are summarized to investigate the variation of acceleration in each 
experiment. The acceleration/deceleration ranges for all scenarios are within a range of -1 to 1 
m/s2 which is less than the acceleration/deceleration of passenger cars (i.e., -3.0 to 2.5 m/s2) 
recommended by AASHTO (2001). The standard deviation of acceleration was in the range of 
0.07 to 0.28 m/s for all scenarios. The acceleration variation can show the smoothness of driving 
behavior in the simulation models.  
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Table 24. Summary of Acceleration (m/s2)  
Scenario Min Average  Max  Std. Dev.  
10-10 -0.39 0.03 0.49 0.10 
10-12 -0.51 0.04 0.37 0.10 
12-10 -0.46 0.02 0.48 0.11 
12-12 -0.41 0.02 0.41 0.11 
10-12-S-1 -0.27 -0.02 0.41 0.07 
10-12-S-2 -0.27 -0.02 0.23 0.07 
12-10-S-1 -0.41 -0.03 0.79 0.11 
12-10-S-2 -0.60 -0.05 0.92 0.19 
12-12-S-1 -0.60 -0.04 0.95 0.29 
12-12-S-2 -0.65 -0.05 0.96 0.26 
10-12-L-1 -0.45 -0.03 0.67 0.08 
10-12-L-2 -0.55 -0.03 0.75 0.09 
12-10-L-1 -0.61 -0.04 0.96 0.24 
12-10-L-2 -0.48 -0.03 0.88 0.14 
12-12-L-1 -0.58 -0.03 1.00 0.28 
12-12-L-2 -0.68 -0.03 0.98 0.27 
10-12-R-1 -0.48 -0.01 0.91 0.11 
10-12-R-2 -0.37 -0.01 0.33 0.08 
12-10-R-1 -0.63 -0.03 0.91 0.18 
12-10-R-2 -0.58 -0.02 0.92 0.17 
12-12-R-1 -0.72 -0.03 0.95 0.28 
12-12-R-2 -0.59 -0.05 0.94 0.26 
The more details of MOEs and efficiency of the controller is investigated in the next 
section. To identify the effect of the controller on different sections of the road as well as to 
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distinguish the effect of location and the alternatives, the two-way Analysis of variance 
(ANOVA) followed by the Tukey’s multiple test is presented.  
4.3 Evaluation of Automated Controller Performances Based on Speed 
The simulation results for all sets of scenarios are collected and cleaned for analysis. The 
variable of speed per DCM per time interval is collected. Then the average speed over 10 
minutes per each section is reported. The speed is an essential MOE to evaluate any 
improvement or changes in traffic operation studies. In this section, the speed results are shown 
for the sets of scenarios with different desired speed, platoon size, as well as the automated 
merging controller with different alternatives. First, the average speed per scenario per DCM 
obtained for the repeated scenarios with different random seeds. Then, the average speed and 
error bar have been presented to demonstrate the variation of speed over the locations and 
treatments. Table 8 presents the upstream (1 to 4), the onramp (5 to 11), the middle (12 to 14), 
and the downstream (15 to 18). According to Figure 16, the desired speed value affects the speed 
value and variation on the merge area, specifically on the onramp. The variation of speed is 
higher at the low desired speed of 40 km/h. While the speed variation is less at the desired speed 
of 60 km/h yet the onramp speed is as low as the half of the desired speed. On the other hand, at 
a higher speed of 80 km/h, the speed over DMCs remained as high as the desired value.  Based 
on the speed results shown in Figure 16, and after several trials, the desired speed value of 60 
km/h is selected for platoons with different sizes.  
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Figure 16. Speed Changes For Scenarios With Different Desired Speeds  
In the following sets of scenarios, the effect of platoon size on the traffic operation of the 
merge area is investigated. The average speed and error bar per DCM per scenarios are shown in 
Figure 17. The variation of speed is more on the onramp compared to the mainline which shows 
the extent of the need for a merging controller to help onramp vehicles. Four combinations of 
platoon size on the mainline and the onramp are considered for the simulation. Each scenario is 
repeated with 5 different random seeds. For all combinations except 12 and 10 on the 
mainstream and the onramp, the desired speed is maintained on the upstream. However, the 
middle section speed dropped slightly, but the downstream speed recovers again. Reducing the 
platoon size on the mainline in 10-10 and 10-12, the onramp speed was less disturbed because 
they have had more gaps on the mainline to take. Raising the platoon size on the mainline limited 
the gap availability and consequently triggered more delay on the onramp. 
Scenario 
Upstream |  Ramp  |   Middle   |  Downstream 




Figure 17. Speed Changes For Scenarios With Different Platoon Sizes 
The simulation results for the different combination of platoon sizes showed the need for 
merging strategies other than only relying on the available gaps similar to the base case. The 
effectiveness of the automated merging controller with different alternatives of slow-down and 
lane change are evaluated in the simulation experiments. The impact on the mainline and the 
level of improvement on the onramp are investigated. The two-way ANOVA is implemented to 
evaluate the performance of the automated merging controller. 
In the two-way ANOVA result table sources of variations are DCM and Scenarios 
including base case, slowdown, and lane change alternatives. Each scenario has 6 time-interval 
and the dependent variable of speed is collected per time interval. Then each scenario has 18 
DCM and 6 interval leads to 108 values. For each platoon size combination (e.g., 12-12) there 
are 7 scenarios and in total 756 values and each simulation is repeated 5 times. Each scenario is 
repeated for 5 different random seeds. Subjects (matching) quantifies the variation among the 
values is due to differences between subjects. The corresponding P value tests the null 
Scenario 
Upstream |   Ramp  |   Middle   | Downstream 
Data Collection Measurement 
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hypothesis that the subjects are all the same. The small P value justifies choosing repeated 
measures in ANOVA.  
The result of the two-way ANOVA test for the platoon size combination of 12 and 12 on 
the mainline and the onramp are shown in Table 25 with DCM Factor and Scenario Factor. They 
show the different effect at all values of scenarios. The interaction of DCM and Scenario factor 
accounts for 5.93% of the total variance in speed values. Scenario accounts for 2.67% and DCM 
accounts for 47.97% of the total variance. It means that most of the variation is due to the 
different speed values per DCMs which is less desirable. The interaction is considered extremely 
significant which means there is a less than 0.01% chance of randomly observing so much 
interaction in the simulation.  
Table 25. Two-way ANOVA Table for Speed in Combination of 12-12 
Alpha 0.05 
     
Source of Variation % of Total 
Variation 




  Interaction 5.93 <0.0001 **** Yes 
  
  DCM Factor 48 <0.0001 **** Yes 
  
  Scenario Factor 2.67 <0.0001 **** Yes 
  
  Subjects (Matching) 13.2 <0.0001 **** Yes 
  
ANOVA Table SS DF MS F (Dfn, Dfd) 
F (102,3132) = 6.01 
F (17,522) = 112 
F (6,3132) = 46.1 
F (522,3132) = 2.61 
P Value 
  Interaction 40012 102 392 P<0.0001 
  DCM Factor 323677 17 19040 P<0.0001 
  Scenario Factor 18025 6 3004 P<0.0001 
  Subjects (Matching) 88765 522 170 P<0.0001 
  Residual 204298 3132 65.2 




The Tukey’s multiple comparisons test results in 21 rows of comparisons of seven 
scenarios and for 18 DCMs. Because the table of results is very long, the complete Tukey’s test 
result is shown in Appendix Table A 2 for all scenarios and DCMs comparison. The results for 
DCM 12 on the ramp are shown in Table 26. At each level, there are 30 values for each scenario 
(N1=N2=30). In each row of Table 26 two scenarios are compared by using the average speed 
value. For example, the average speed for the base scenario and the scenario R-2 are 32.2 and 
42.5 km/h, respectively. The difference is -5.1 which shows the speed for the base case was 5.1 
km/h less than the scenario which applied the controller with slow down on the ramp. Standard 
deviation difference is 2.09 which results in a significant difference in speed.  










P Value 12-12 
Base vs. R-1 -1.06 2.09 0.718 -7.21 to 5.09 No ns 0.9988 
Base vs. R-2 -10.3 2.09 7 -16.5 to -4.17 Yes **** <0.0001 
Base vs. L-1 -2.29 2.09 1.56 -8.45 to 3.86 No ns 0.9283 
Base vs. L-2 -5.1 2.09 3.46 -11.3 to 1.05 No ns 0.1796 
Base vs. S-1 -1.54 2.09 1.05 -7.7 to 4.61 No ns 0.99 
Base vs. S-2 -8.39 2.09 5.69 -14.5 to -2.24 Yes ** 0.0011 
Then, elaborating on section by section outcomes is not necessary and not adding to the 
outcome of the research. However, it was necessary to investigate the simulation results to 
understand the controller performance. For this reason, the results of the analysis are shown 
visually to study the speed changes.  Application of the automated merging controller 
significantly decreased the speed value on the several mainline DCMs while significantly 
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increasing the speed values on the onramp DCMs. The best performance is observed in the 
automated merging controller with the R-2 slowdown on the onramp. This result also is distinct 
in Figure 18 where R-2 is shown with green triangle symbols and the base case with the blue 
square. The result shows that the large platoon size leads to more vehicles and fewer gaps 
available. As a result, manipulation of gap sizes and arrivals are limited. Also, there is less 
chance of lane changing with scarce gap availability on the adjacent lane. 
 
Figure 18. Speed Changes for Combination 12-12 with the Controller 
The result of two-way ANOVA for the platoon size combination of 12 and 10 on the 
mainline and the onramp are shown in Table 27. The interaction of row and column factor 
accounts for 13.5% of the total variance in speed values. Treatment factor accounts for 15.7 % 
whereas DCM accounts for 12.8% of the total variance.  
  
Scenario 
Upstream |   Ramp  |   Middle   | Downstream 

















Table 27. Two-way ANOVA Table for Speed in Combination of 12-10 
Alpha 0.05 
     
Source of Variation % Of Total 
Variation 




  Interaction 13.5 <0.0001 **** Yes 
  
  DCM Factor 12.8 <0.0001 **** Yes 
  
 Scenario Factor 15.7 <0.0001 **** Yes 
  
  Subjects (Matching) 8.35 0.4409 ns No 
  
ANOVA Table SS DF MS F (Dfn, Dfd) P Value 
  Interaction 55343 102 543 F (102, 3132) = 8.37 P<0.0001 
  DCM Factor 52103 17 3065 F (17, 522) = 46.9 P<0.0001 
  Scenario Factor 64057 6 10676 F (6, 3132) = 165 P<0.0001 
  Subjects (Matching) 
34120 522 65.4 
F (522, 3132) = 1.01 P=0.4409 
 
  Residual 202916 3132 64.8 
   
The Tukey’s table comparing the base case with alternatives for slow down and lane 
change for DCM 8 is shown in Table 28 where the speed increased 21 km/h by using the 














          
    Base vs. R-1 -20 -26.1 to -13.9 Yes **** <0.0001 
    Base vs. R-2 -21.4 -27.6 to -15.3 Yes **** <0.0001 
    Base vs. L-1 -12.5 -18.6 to -6.32 Yes **** <0.0001 
    Base vs. L-2 -25.6 -31.7 to -19.5 Yes **** <0.0001 
    Base vs. S-1 -26.4 -32.6 to -20.3 Yes **** <0.0001 
    Base vs. S-2 -22.2 -28.3 to -16.1 Yes **** <0.0001 
The complete Tukey’s multiple comparison test result is shown in Appendix Table A.3. 
Application of the automated merging controller did not affect the mainline speed of DCMs 
except for DCM 3 and 4 on the upstream, as wells as DCM 12 and 13 on the middle for the 
alternative L-1. On the other hand, the speed values on the onramp DCMs significantly increased 
by means of all alternatives. The best performance is observed in the automated merging 
controller with S-1. This result also is illustrated in  
Figure 19 where S-1 is shown with the black circle and the base case with the blue circle. The 
result shows the small platoon size on the onramp was effective to achieve an enhanced 




Figure 19. Speed Changes for Combination 12-10 with the Controller 
The result of two-way ANOVA test for the platoon size combination of 10 and 12 on the 
mainline and the onramp are shown in Table 29. The interaction of row and column factor 
accounts for 40.3% of the total variance in speed values. Scenario accounts for 30.9 % and DCM 
accounts for 10.6% of the total variance. It shows that the most of variation is due to the 
treatment which shows the significance of the controller application.  
  
Scenario 
Upstream |   Ramp  |   Middle   | Downstream 












Table 29. Two-way ANOVA Table for Speed in Combination of 10-12 
Alpha 0.05 
     
Source of Variation % of total 
variation 




  Interaction 40.3 <0.0001 **** Yes 
  
  DCM Factor 10.6 <0.0001 **** Yes 
  
  Scenario Factor 30.9 <0.0001 **** Yes 
  
  Subjects (Matching) 2.99 0.0071 ** Yes 
  
ANOVA Table SS DF MS F (DFn, DFd) P value 
  Interaction 33214 102 326 F (102, 3132) = 80.9 P<0.0001 
  DCM Factor 8758 17 515 F (17, 522) = 109 P<0.0001 
  Scenario Factor 25447 6 4241 F (6, 3132) = 1054 P<0.0001 
  Subjects (Matching) 2464 522 4.72 F (522, 3132) = 1.17 P=0.0071 
  Residual 12601 3132 4.02 
   
Tukey’s test complete result is shown in Appendix  Table A.4.The Tukey’s table 
comparing the base case with alternatives for DCM 8 is shown in Table 30 where the speed 




Table 30. Tukey’s Test Result for DCM 8 for Combination of 10-12 
DCM Mean Diff. 





8      
Base vs. R-1 -17.8 -17.5 to -14.5 Yes **** <0.0001 
Base vs. R-2 -17.7 -18.5 to -15.4 Yes **** <0.0001 
Base vs. L-1 -17.7 -19.4 to -16.3 Yes **** <0.0001 
Base vs. L-2 -17.4 -19.6 to -16.6 Yes **** <0.0001 
Base vs. S-1 -17.3 -19.5 to -16.5 Yes **** <0.0001 
Base vs. S-2 -17.1 -19.8 to -16.8 Yes **** <0.0001 
Application of the automated merging controller did not significantly influence the 
upstream or the downstream speed. On the other hand, the onramp speed significantly increased 
as well as the middle section for all alternatives as shown in Figure 20. The best performance of 
the controller has been achieved with the platoon size combination of 10-12. This slightly 





Figure 20. Speed Changes for Combination 10-12 with the Controller 
The result of speed and standard deviation along the road is also presented side-by-side 
for different scenarios in heatmap format to study the effect of location on the performance of 
controller as well as the traffic condition in the merge area. The heat maps for the average and 
standard deviation of speed per DCM are presented in Figure 21 for the set of scenarios related 
to different platoon size. In simulations for the base case, the combination 12-10 showed the 
highest standard deviation (sd) around 8 km/h perhaps due to the larger platoon sizes on the 
mainline compared to the on-ramp. The combination of 12-12 showed 50% less sd perhaps due 
to the less changes were possible on both the onramp and the mainline with large platoon sizes. 
Moreover, the combination of 10-12 showed around 1 km/h sd which was the lowest variation 
among the three combinations. The combination of 12-10 also had a low onramp speed around 
35 km/h on the ramp. While the combinations 10-10 and 10-12 have 28% higher speed values on 
the ramp. The color coding on Figure 21 reveals that the combination 10-10 can be handled with 
the current gaps. The combinations of 12-12, 12-10 and 10-12 are the problematic cases to test 
the automated merging controller.  
Scenario 
Upstream |   Ramp  |   Middle   | Downstream 




Figure 21. Speed Average and sd for Different Platoon Sizes  
In general, speeds within the purple range and standard deviations in the red range are 
desired. The variation of speed along the road because of the controller deployment is shown in 
Figure 22 for the combination 12-12. The controller changed the speed average and standard 
deviation on the mainline, especially on the upstream where the speed dropped 25%. In three 
cases R-1, L-1, and S-1, the merging is not helpful to the merge area perhaps due to the large 
platoon sizes simultaneously at the mainline and the onramp. The changes in their variables and 
testing the scenario for the second set of the alternatives, R-1, L-1, and S-1, successfully 
improved the speed on the ramp by 28% compared to the base case. Overall, the combination 12-
12 has a low onramp speed in the base case, and the application of the controller was only 
slightly helpful due to the lack of initial gaps. The controller could not manipulate gaps that were 






































































Figure 22. Speed Average and sd for the Combination of 12-12 with the Controller 
The combination of 12-10 is presented in Figure 23. The base case simulation showed a 
low range of speed on the ramp below 35 km/h with the speed variation of 8 km/h along the road 
and the onramp. The automated merging controller assisted the onramp vehicles merging with a 
higher range of speed without adversely influencing the mainline. Both R-1 and R-2 are helpful 
to the ramp by increasing its speed up to 66% with a minimal change on the mainline but the 
standard deviation was as low as 11 km/h and less than 2 km/h on the onramp, and the mainline, 
respectively. On the other hand, L_2 and S_1 were not only significantly improved the merging 
process but also have a minimal variation of speed below 6 km/h. The S_2 is intensely enhanced 
the average speed between 55 to 60 km/h on the ramp and along the road. The least improvement 
is made by L_1 because of the highest speed variation up to 18 km/h on the onramp. The L_1 





































































Figure 23. Speed Average and sd for the Combination of 12-10 with the Controller 
The speed values for the combination 10-12 are presented in Figure 24. The automated 
merging controller considerably enhanced merging maneuvers by means of all alternatives as 
shown mostly with the color purple. The variation of speed is minimal less than 1 km/h in S_2 
because of providing enough merging gaps by the onramp vehicles arrival to the auxiliary lane. 
Both R_2 and S_1 have nominal variations with the high average speed of 55 to 60 km/h. While, 
L_1 and L_2 show a slightly higher fluctuation on the downstream perhaps due to less syncing of 
gaps and the merging vehicles arrivals. The rise and fall in the speed value occur widely in R_1 
where the slow down on the ramp caused the speed changes but increased the overall speed 






































































Figure 24. Speed Average and sd for the Combination of 10-12 with the Controller 
In the following section, the effect of the controller on the travel time for both the onramp 
and the mainline are demonstrated.  
4.4 Evaluation of Automated Controller Based on Travel Time Improvement 
The second MOE is travel time for different scenarios on the upstream, the downstream, 
and the onramp. The travel time values and its variation have been points of interest in the 
simulation modeling. The average travel time is collected over the travel time measurement 
sections as presented in Figure 14. The bar chart y-axis is in logarithmic scale due to the high 
values on the ramp compared to other locations specially for the base cases without the 
controller.  
The result of the experiments for the different desired speed values is presented in Figure 
25. The higher travel time around 106 seconds and more fluctuation have been captured on the 

































































high speed of 80 km/h is shown in Figure 25. Although the travel time results for the speed of 80 
km/h is desirable the time interval of 150 to add platoons was the least value possible in 
simulation. This interval decreased the number of vehicles, and consequently, the network was 
less congested. It is important to consider that at such high speed, using the time interval of 100 
which leads to the arrival of platoons per every 10 seconds, and immediately leads to a high 
congestion. Hence, testing platooning with 80 km/h speed was only possible by having a fewer 
vehicles. 
 
Figure 25. Travel Time for Scenarios with Different Platoon Sizes 
The result of the experiments for the different platoon sizes with the desired speed of 60 
km/h is presented in Figure 26. The higher travel time around 100 seconds with more variations 
on the onramp compared to the mainline has been captured for all the platoon size combinations. 
The lower average travel time for the average platoon size of 5 vehicles on the mainline is 













Figure 26. Travel Time for Scenarios with Different Platoon Size 
The two-way ANOVA test followed by Tukey’s multiple comparison test were 
implemented to investigate the effect of the controller on travel time. The complete Tukey’s 
tables are included in Appendices due to the larger sizes. For the combination of 12-12 with 
controller, the Tukey’s table comparing the base case with alternatives for slow down and lane 
change is shown Table 31. While the travel time on the ramp decreased around 74 seconds on 
average by using the controller. The upstream and downstream travel times only dropped by 2 
seconds on average which was not a significant change. Different alternatives almost performed 













Table 31. Tukey's Multiple Comparisons Test on Travel Time for Combination 12-12 








  ramp           
    12-12 vs. 12-12-R-1 71.3 63.7 to 78.9 Yes **** <0.0001 
    12-12 vs. 12-12-R-2 77.9 70.3 to 85.5 Yes **** <0.0001 
    12-12 vs. 12-12-L-1 71.3 63.7 to 78.9 Yes **** <0.0001 
    12-12 vs. 12-12-L-2 74 66.3 to 81.6 Yes **** <0.0001 
    12-12 vs. 12-12-S-1 71.3 63.7 to 78.9 Yes **** <0.0001 
    12-12 vs. 12-12-S-2 78.9 71.3 to 86.5 Yes **** <0.0001 
  up           
    12-12 vs. 12-12-R-1 -6.57 -14.2 to 1.04 No ns 0.1424 
    12-12 vs. 12-12-R-2 -4.94 -12.6 to 2.68 No ns 0.4688 
    12-12 vs. 12-12-L-1 -6.31 -13.9 to 1.31 No ns 0.1797 
    12-12 vs. 12-12-L-2 -5.81 -13.4 to 1.81 No ns 0.2673 
    12-12 vs. 12-12-S-1 -6.41 -14 to 1.21 No ns 0.1653 
    12-12 vs. 12-12-S-2 -4.23 -11.8 to 3.39 No ns 0.6542 
  down           
    12-12 vs. 12-12-R-1 -0.02 -7.64 to 7.59 No ns >0.9999 
    12-12 vs. 12-12-R-2 1.68 -5.93 to 9.3 No ns 0.9948 
    12-12 vs. 12-12-L-1 0.394 -7.22 to 8.01 No ns >0.9999 
    12-12 vs. 12-12-L-2 1.13 -6.49 to 8.74 No ns 0.9995 
    12-12 vs. 12-12-S-1 -0.42 -8.04 to 7.2 No ns >0.9999 
    12-12 vs. 12-12-S-2 2.5 -5.11 to 10.1 No ns 0.9596 
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The travel time changes for the combination of 12-12with the automated merging 
controller is shown in Figure 27. The onramp result showed a higher variation and values 
compared to the downstream. The upstream showed the least variation regardless of the 
treatment whereas the travel time values remain in the same range because the controller did not 
affect it. 
 
Figure 27. Travel Time for Scenario 12-12 with the Controller 
In a similar way, the two-way ANOVA and Tukey’s test investigated the travel time 
changes caused by the controller for the combination of 12-10. The comparison between the base 
case and alternatives is shown in Table 32. The travel time on the onramp was successfully 
decreased by 84 second. The upstream travel time increased less than 2 seconds which is minor. 
The downstream travel time was improved 7.5 seconds because the merging vehicles were able 













Table 32. Tukey's Multiple Comparisons Test on Travel Time for Combination 12-10 








  ramp           
    12-10 vs. 12-10-R-1 83.7 76.4 to 90.9 Yes **** <0.0001 
    12-10 vs. 12-10-R-2 85 77.8 to 92.2 Yes **** <0.0001 
    12-10 vs. 12-10-L-1 75.3 68.1 to 82.6 Yes **** <0.0001 
    12-10 vs. 12-10-L-2 88.6 81.4 to 95.9 Yes **** <0.0001 
    12-10 vs. 12-10-S-1 89.3 82.1 to 96.6 Yes **** <0.0001 
    12-10 vs. 12-10-S-2 86.2 79 to 93.4 Yes **** <0.0001 
  up           
    12-10 vs. 12-10-R-1 -1.7 -8.94 to 5.53 No ns 0.9927 
    12-10 vs. 12-10-R-2 -1.58 -8.81 to 5.66 No ns 0.9953 
    12-10 vs. 12-10-L-1 -4.39 -11.6 to 2.84 No ns 0.5512 
    12-10 vs. 12-10-L-2 -0.705 -7.94 to 6.53 No ns >0.9999 
    12-10 vs. 12-10-S-1 -0.552 -7.78 to 6.68 No ns >0.9999 
    12-10 vs. 12-10-S-2 -1.93 -9.16 to 5.3 No ns 0.986 
  down           
    12-10 vs. 12-10-R-1 7.02 -0.215 to 14.2 No ns 0.0639 
    12-10 vs. 12-10-R-2 7.79 0.562 to 15 Yes * 0.0252 
    12-10 vs. 12-10-L-1 3.41 -3.82 to 10.6 No ns 0.8032 
    12-10 vs. 12-10-L-2 9.43 2.2 to 16.7 Yes ** 0.0024 
    12-10 vs. 12-10-S-1 9.84 2.61 to 17.1 Yes ** 0.0013 




The simulation results for the combination of platoon sizes of 12 and 10 on the mainline 
and the onramp are shown in Figure 28. The application of the automated merging controller 
reduced the onramp travel time by 84% with a slight decline on the mainline (i.e., 2 seconds). 
The results show that accommodation of onramp vehicles faster can have a minor effect on 
upstream, and in turn, can enhance the entire merge area travel time of 46 seconds by 40% to 
16.3 seconds. 
 
Figure 28. Travel Time for the Combination of 12-10 with the Controller 
For the last combination (i.e., 10-12), the two-way ANOVA and Tukey’s test results are 
shown in Table 33. The travel time on the onramp was decreased by 80%. The upstream travel 
time was not changed while the downstream travel time was improved by 10 seconds because 













Table 33. Tukey's Multiple Comparisons Test on Travel Time for Combination 10-12 








  ramp           
    10-12 vs. 10-12-R-1 40.7 38.3 to 43 Yes **** <0.0001 
    10-12 vs. 10-12-R-2 41.3 39 to 43.7 Yes **** <0.0001 
    10-12 vs. 10-12-L-1 41.7 39.4 to 44.1 Yes **** <0.0001 
    10-12 vs. 10-12-L-2 41.9 39.5 to 44.2 Yes **** <0.0001 
    10-12 vs. 10-12-S-1 41.8 39.5 to 44.2 Yes **** <0.0001 
    10-12 vs. 10-12-S-2 41.9 39.6 to 44.3 Yes **** <0.0001 
  up           
    10-12 vs. 10-12-R-1 -0.14 -2.49 to 2.21 No ns >0.9999 
    10-12 vs. 10-12-R-2 0.0217 -2.33 to 2.37 No ns >0.9999 
    10-12 vs. 10-12-L-1 0.00667 -2.34 to 2.35 No ns >0.9999 
    10-12 vs. 10-12-L-2 -0.0137 -2.36 to 2.33 No ns >0.9999 
    10-12 vs. 10-12-S-1 
-
0.00633 
-2.35 to 2.34 No ns >0.9999 
    10-12 vs. 10-12-S-2 -0.0447 -2.39 to 2.3 No ns >0.9999 
  down           
    10-12 vs. 10-12-R-1 9.67 7.32 to 12 Yes **** <0.0001 
    10-12 vs. 10-12-R-2 10 7.7 to 12.4 Yes **** <0.0001 
    10-12 vs. 10-12-L-1 10.1 7.75 to 12.4 Yes **** <0.0001 
    10-12 vs. 10-12-L-2 9.98 7.63 to 12.3 Yes **** <0.0001 
    10-12 vs. 10-12-S-1 10.1 7.72 to 12.4 Yes **** <0.0001 
    10-12 vs. 10-12-S-2 10.2 7.8 to 12.5 Yes **** <0.0001 
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The travel time changes for the combination of platoon sizes of 10 and 12 on the mainline 
and the onramp, respectively, are shown in Figure 29. The application of the automated merging 
controller helped the merging vehicles travel time. In addition, the travel time on the downstream 
decreased and the upstream travel time remained stable. The controller with all alternatives were 
successful to maintain the mainline travel time and decrease the onramp travel time by merging 
vehicles faster to the gaps provided on the mainline.  
 
Figure 29. Travel Time for the Combination of 10-12 with the Controller 
The application of the automated merging controller can significantly improve the travel 
time on the onramp without any major undesirable effect on the mainline specifically on the 
upstream. However, the travel time variation can be increased for a large platoon size on both the 
mainline and on the ramp with the different random seeds. The stochasticity of the MOEs is 
acceptable as the random seed affects the arrival time of the vehicles to the network. More 















A new wave of automated vehicles will put unprecedented strain on current infrastructure. 
The advancement of infrastructure is necessary to accommodate the best performance of new 
applications such as Vehicle to Infrastructure communication (V21). The US Department of 
Transportation’s (DOT) Intelligent Transportation System Joint Program Office (ITS JPO) 
promotes automated vehicle research by leveraging vehicle communication and infrastructure-
based solutions which supports the development and deployment of automated vehicles ( 2016). 
Automated vehicle research in general aims to enhance safety, mobility, and sustainability by 
realization of benefit opportunities in Connected Automated Vehicle (CAV) technology. 
Advancement of traffic operation and design can address the challenges of CAVs. For example, 
in merge areas, traffic operation could be enhanced by the use of Vehicle to Infrastructure (V2I) 
communication. Currently, drivers are allowed to make decisions based on their perception and 
judgment which are restricted to what they physically see. The driver’s vision is influenced by 
light, weather conditions, geometric design, buildings, and other obstacles. Altogether, the 
human limitation can adversely affect ramp capacity, merging maneuvers, and safety. 
Communication technology coupled to vehicles automation have the potential to improve 
merging through the real-time communication between the onramp and the mainline vehicles and 
roadside units (RSU). Advancements in traffic design and operation can offer solutions to serve 
the upcoming fleets of automated vehicles.  
This research is notable in that it addresses the challenge of merging for CAVs in highways 
for a defined condition using simulation. This research makes a contribution to the design of an 
automated merging system that can take advantage of V2I communication to make travel time  
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reliable and speed uniform. In the past, several works of research investigated the concept of 
automated merging in both simulations and test tracks. This research also attempted to fill the 
gaps in the previous literature by studying both the onramp and mainline traffic performances, 
platoon merging, and high speed range in an advanced simulation setup using Python and 
Vissim.  
This research studied a merging algorithm relying on communication and automation to 
assist merging of platoons into a highway in an adaptive way to create merging gaps that 
otherwise would not be available. The current merging methods are insufficient for future 
vehicles driving with short headway and high speed, hence a controller is required to widen gaps 
on the mainline and split platoons which could also regulate traffic flow at the merging area.  
The merging controller was designed for Connected Automated Vehicles (CAV) in a merge area. 
In order to study the efficiency of the controller, the traffic microsimulation was developed to 
allow for platooning and vehicle to infrastructure (V2I) communication. The controller was 
coded and evaluated in the microsimulation. Then several traffic conditions with different 
platoon sizes and desired speeds were tested to find the most challenging traffic for the controller 
assessment. The simulations were run for the base case without any controller and for several 
alternatives including slow down on the mainline or onramp, and lane change on the mainline. 
The measures of effectiveness were speed and travel time along the mainline and on the onramp.  
The results of simulations showed that the designed automated merging controller was able to 
assist merging platoons in the simulation set up. The controller is tested for the maximum size of 
12 vehicles with the desired speed of 60 km/h. This condition results in the flow of 5,500 vph, 
the average speed of 55 km/h and 34 km/h on the mainline and on the onramp, respectively.  
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The controller widened the gaps prior to onramp vehicle’s arrivals to the auxiliary lane which 
increased the onramp speed by 40%. The controller had no significant effect on the mainline 
speed. The controller made the speed uniform and the traffic flow stable.  
The results of the research demonstrated that, in order to alleviate long wait time, merge 
gaps should be provided for CAVs. An automated merging controller was designed to widen the 
gaps prior to the onramp vehicle’s arrival at the auxiliary lane using V2I communication. An 
example of this was illustrated by the average travel time between the merge section for the base 
case, and the controller with lane change or slow down, where implementing the automated 
merging controller decreased the onramp travel time on average by 80% compared to the base 
case. The improvement in travel time and speed on the onramp were expected as the controller 
synchronized the gaps on the mainline and the merging vehicle’s arrivals on the auxiliary lane. 
However, keeping the speed on the mainline with no significant changes were not expected to 
that extent. Accordingly, for average platoon sizes smaller than 4 vehicles, gaps could be 
sufficient for merging with no controller application in the tested highway configuration. 
Comprehensive comparison between the findings of this research and previous research works is 
not possible because of several reasons. First, the simulation and algorithms of previous efforts 
are not accessible to reproduce the research. Second, platooning was not tested. Third, the 
findings of other studies did not elaborate on the automated merging effectiveness on both the 
onramp and on the mainline. Last, various studies considered the number of vehicles in the range 
(800 to 4,700) and (300 to 2,000) on the mainline and onramp, respectively.  
The findings in this study indicates a larger number of vehicles achieved merging in the 
simulation. An example of this was shown when the average platoon sizes of 5 and 6 lead to a 
maximum flow of 2,402 and 6,369 vph on the onramp and the mainline, respectively with an 
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average speed of 58 km/h using the automated merging controller. These findings differed from 
prior research which examined automated merging controllers for traditionally scattered vehicles 
only. Evaluating traffic condition using any automated merging controller by comparing the 
results to the human-driven vehicles only seems to be not enough. The application of automated 
merging controller is most conducive to CAV environments. Then the efficiency of the controller 
needs to be evaluated for a higher level of automation.  
These results were also much more pronounced regarding the bigger platoon sizes on the 
mainline where the onramp travel time improved 74% by decreasing from 106 seconds to 32 
seconds. These results were also the same with both slow down and lane change for the platoon 
average and maximum sizes of 6 and 12 on the mainline, and the onramp platoon sizes average 
and maximum sizes of 5 and 10 on the onramp. An example of this was shown with the average 
onramp speed of 54 km/h for alternatives which were 55% higher than the scenario with no 
controller. The findings showed that when the average platoon sizes on both the onramp and 
mainline were 6 vehicles and the maximum sizes were 12, the controller improved the onramp 
travel time and speed, but this affected the mainline speed by 17%. This likely resulted from the 
smaller number of gaps between large platoons on the upstream where the controller attempted 
to manipulate the gaps to assist the onramp vehicles. The controller’s attempt leads to 
disturbance on the mainline.  
Based on the findings of this research it is expected that the merging challenges could 
arise due to the platooning of CAVs. Fully automated vehicles will not be on the roadways 
immediately, however, according to ITS JPO, simulation for research on CAVs is a critical topic 
for investigation today. Future researchers will be able to build upon this work by considering 
more variables in the microsimulation environment such as vehicle composition (i.e., trucks and 
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passenger cars), geometry of network, adding numbers of lanes, and a mix of platoons and 
individual vehicles. The latter could help the mobility challenges in transitions between 
automated and manual driving modes. 
An area of particular significance is platoon merging which allows for joining vehicles to 
the mainline in gaps simultaneously. This is a more efficient strategy compared to merging one 
vehicle at a time because there is no waste of  the mainline gaps that are larger than one vehicle.  
As a result of platoon merging, the simulated onramp flow reached up to 2,400 vph which is 
20% more than the maximum onramp flow previously examined in other studies. 
From an application perspective it is suggested that these results can be used for future highway 
systems dedicated to CAVs. Moreover, the logic and algorithms designed in this research can be 
adopted to upgrade other traffic controller designs. For example, enhancing the current Dynamic 
Message Sign and ramp metering models by considering the communication between vehicles 
and the infrastructure instead of loop detectors in the microsimulation environment. Based on the 
results, one conducting automated vehicle research using traffic simulations can consider the 
method in this research. The programming approach in this research including Python scripted in 
Vissim simulation is a new method to simulate a CAVs environment. This method can be 
applied to assess the upcoming data in Connected Vehicle Pilot Deployment Program collected 
across the US (2018). The results can also be further investigated in test tracks for platooning to 
tune the controller for real-word application.  
The results of this research can be applied in the current state of automated vehicle 
research. This research is not meant to be for immediate deployment, but for showing the 
challenges of CAVs 
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 as well as opportunities to solve traffic congestion. The results make a contribution to 
knowledge from theoretical and design perspectives in traffic engineering. The method 
contributes to knowledge from programming and microsimulation research perspectives. The 
study findings and methodology can be used to make systematic comparison to identify when 
and where merging controller should be applied using microsimulations. Based on the geometry 
and traffic conditions, a threshold to initiate the merging control, and a threshold to terminate the 
controller to avoid turbulence on the mainline should be applied. 
It is possible to interpret that this automated merging controller is likely to outperform 
other prior designed controllers in simulation because it is tested for 30% more vehicles using 
platooning and more uniform gap distribution. This work can be used as a basis for future study 
and comparison of other models because of it is flexibility in implementing the various traffic 
conditions and vehicle compositions. More traffic conditions need to be investigated to reach a 
comprehensive model for CAVs and the method presented here has potential to be modified for 
this matter. From an application viewpoint, it is expected that the results presented here can be 
adapted and implemented by traffic engineers to accomplish broader automated vehicle research, 
design, and operation strategies. The novelty and innovation in recognizing infrastructure-based 
solutions and vehicle communication can accelerate the development and deployment of CAVs.  
The development and application of a new method of analysis that can be more widely applied to 
other conditions or locations is a critical area of research in transportation engineering fields.  
The potential impacts of this study include advancing simulation as a research method and 
improving requirements for testing new traffic control designs. The automated merging 
controller designed in this research succeeded in speed uniformity in the merging area. 
Establishing speed uniformity was achieved by increasing the onramp speed and maintaining the 
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mainline speed. This could reduce conflict in traffic, increase safety, and potentially reduce 
accidents that are caused by merging. Therefore, safety can be considered as a byproduct of 
automated merging.  
Microsimulation is one of the best tools available to study traffic conditions that are not 
yet present but should be anticipated to understand the advantages and challenges of CAVs. 
Simulation is a fast and low-cost solution compared to experimental methods. However, 
simulation requires advanced technical knowledge and programming skills. The methodology 
developed in this research has potential to enhance the method of research in other traffic designs 
for CAVs because of its time efficiency and flexibility to test a variety of traffic conditions. The 
findings showed that in order to test the efficiency of a traffic controller for future traffic 
conditions, using the current traffic flow is not sufficient because double capacity is expected in 
the future. In current transportation systems, gap distribution and car following are still scattered 
while platooning is meant to close those gaps and increase capacity. Hence, any application 
should offer a solution for higher traffic volume and smaller headway compared to the current 
traffic conditions.  
These research findings are presented for the designed network with assumptions of car-
following for platooning in the simulation and the controller in the RSU. Moreover, the 
 achievements such as travel time reduction and reliability, and uniform speeds in the simulation  
could not be promised to be exactly the same in the future traffic.  
To date, it is clear that highways can no longer accommodate the higher number of 
vehicles on the road without experiencing congestion. Hence, CACC is offered as a resolution 
without further capacity expansion. CACC makes platooning possible which could result in 
vehicles following short headway relaying on vehicle communication and automation. However, 
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this can cause challenges in merge areas due to the lack of gaps on the mainline. This is a 
potentially significant problem in the presence of CAVs. In addressing this problem, this 
research offered a simulation based-solution. In order to claim the advantages of this automated 
merging controller for upcoming CAV fleets, other technological aspects of communication and 
automation should be investigated. Moreover, the findings of this research can be modified for 
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APPENDIX A. TUKEY’S MULTIPLE COMPARISON TEST ON SPEED   
The results of simulations, the table of ANOVA and Tukey’s tests are presented in this section. 
Tables include the statistical analysis and test details.  
Table A.1. Tukey’s Multiple Comparison Test for Different Platoon Desired Speeds  
Within each row  compare columns (simple effects within rows) 
 
Number of families 18 
    
Number of comparisons per 
family 
3 
    
Alpha 0.05 
    
Tukey's multiple comparisons test Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P 
Value 
  Row 1 
     
    150-12-12-80vs. 12-12-60 20 17.7 to 22.3 Yes **** <0.0001 
    150-12-12-80vs. 12-12-40 40.2 37.9 to 42.5 Yes **** <0.0001 
    12-12-60vs. 12-12-40 20.2 17.9 to 22.5 Yes **** <0.0001 
  Row 2 
     
    150-12-12-80 vs. 12-12-60 20.1 17.8 to 22.4 Yes **** <0.0001 
    150-12-12-80 vs. 12-12-40 40.4 38.1 to 42.7 Yes **** <0.0001 
    12-12-60 vs. 12-12-40 20.3 18 to 22.6 Yes **** <0.0001 
  Row 3 
     
    150-12-12-80 vs. 12-12-60 20 17.7 to 22.3 Yes **** <0.0001 
    150-12-12-80 vs. 12-12-40 40.2 37.9 to 42.5 Yes **** <0.0001 
    12-12-60 vs. 12-12-40 20.2 17.9 to 22.5 Yes **** <0.0001 
  Row 4 
     
    150-12-12-80 vs. 12-12-60 19.9 17.6 to 22.2 Yes **** <0.0001 
    150-12-12-80 vs. 12-12-40 40 37.7 to 42.3 Yes **** <0.0001 
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    12-12-60 vs. 12-12-40 20.1 17.8 to 22.4 Yes **** <0.0001 
  Row 5 
     
    150-12-12-80 vs. 12-12-60 40.4 38.1 to 42.7 Yes **** <0.0001 
    150-12-12-80 vs. 12-12-40 54.4 52.1 to 56.7 Yes **** <0.0001 
    12-12-60 vs. 12-12-40 14 11.7 to 16.3 Yes **** <0.0001 
  Row 6 
     
    150-12-12-80 vs. 12-12-60 41.8 39.5 to 44.1 Yes **** <0.0001 
    150-12-12-80 vs. 12-12-40 55.9 53.6 to 58.2 Yes **** <0.0001 
    12-12-60 vs. 12-12-40 14.1 11.8 to 16.4 Yes **** <0.0001 
  Row 7 
     
    150-12-12-80 vs. 12-12-60 43.8 41.5 to 46.1 Yes **** <0.0001 
    150-12-12-80 vs. 12-12-40 57.3 55 to 59.6 Yes **** <0.0001 
    12-12-60 vs. 12-12-40 13.5 11.2 to 15.8 Yes **** <0.0001 
  Row 8 
     
    150-12-12-80 vs. 12-12-60 44.6 42.3 to 46.9 Yes **** <0.0001 
    150-12-12-80 vs. 12-12-40 58 55.7 to 60.3 Yes **** <0.0001 
    12-12-60 vs. 12-12-40 13.4 11.1 to 15.7 Yes **** <0.0001 
  Row 9 
     
    150-12-12-80 vs. 12-12-60 44.4 42.1 to 46.7 Yes **** <0.0001 
    150-12-12-80 vs. 12-12-40 58 55.7 to 60.3 Yes **** <0.0001 
    12-12-60 vs. 12-12-40 13.6 11.3 to 15.9 Yes **** <0.0001 
  Row 10 
     
    150-12-12-80 vs. 12-12-60 43.8 41.5 to 46.1 Yes **** <0.0001 
    150-12-12-80 vs. 12-12-40 58.2 55.8 to 60.5 Yes **** <0.0001 
    12-12-60 vs. 12-12-40 14.3 12 to 16.6 Yes **** <0.0001 
  Row 11 
     
    150-12-12-80 vs. 12-12-60 42.6 40.3 to 44.9 Yes **** <0.0001 
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    150-12-12-80 vs. 12-12-40 57.4 55.1 to 59.7 Yes **** <0.0001 
    12-12-60 vs. 12-12-40 14.8 12.5 to 17.1 Yes **** <0.0001 
  Row 12 
     
    150-12-12-80 vs. 12-12-60 22.3 20 to 24.6 Yes **** <0.0001 
    150-12-12-80 vs. 12-12-40 39.5 37.2 to 41.8 Yes **** <0.0001 
    12-12-60 vs. 12-12-40 17.2 14.9 to 19.5 Yes **** <0.0001 
  Row 13 
     
    150-12-12-80 vs. 12-12-60 19.6 17.3 to 21.9 Yes **** <0.0001 
    150-12-12-80 vs. 12-12-40 37.1 34.8 to 39.4 Yes **** <0.0001 
    12-12-60 vs. 12-12-40 17.5 15.2 to 19.8 Yes **** <0.0001 
  Row 14 
     
    150-12-12-80 vs. 12-12-60 15 12.7 to 17.3 Yes **** <0.0001 
    150-12-12-80 vs. 12-12-40 32.5 30.2 to 34.8 Yes **** <0.0001 
    12-12-60 vs. 12-12-40 17.5 15.2 to 19.8 Yes **** <0.0001 
  Row 15 
     
    150-12-12-80 vs. 12-12-60 13 10.7 to 15.3 Yes **** <0.0001 
    150-12-12-80 vs. 12-12-40 31.6 29.3 to 33.9 Yes **** <0.0001 
    12-12-60 vs. 12-12-40 18.6 16.3 to 20.9 Yes **** <0.0001 
  Row 16 
     
    150-12-12-80 vs. 12-12-60 13.9 11.6 to 16.2 Yes **** <0.0001 
    150-12-12-80 vs. 12-12-40 33.7 31.4 to 36 Yes **** <0.0001 
    12-12-60 vs. 12-12-40 19.8 17.5 to 22.1 Yes **** <0.0001 
  Row 17 
     
    150-12-12-80 vs. 12-12-60 15.7 13.4 to 18.1 Yes **** <0.0001 
    150-12-12-80 vs. 12-12-40 35.9 33.6 to 38.2 Yes **** <0.0001 
    12-12-60 vs. 12-12-40 20.1 17.8 to 22.4 Yes **** <0.0001 
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  Row 18 
     
    150-12-12-80 vs. 12-12-60 19.9 17.6 to 22.2 Yes **** <0.0001 
    150-12-12-80 vs. 12-12-40 40.1 37.8 to 42.4 Yes **** <0.0001 
    12-12-60 vs. 12-12-40 20.2 17.9 to 22.5 Yes **** <0.0001 
 
Table A 2. Tukey’s Multiple Compraison Test for Combination of 12-12 
Within each row  compare columns (simple effects within rows) 
 
      
Number of families 18 
   
Number of comparisons per family 21 
   
Alpha 0.05 
   
Tukey's multiple comparisons test Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P 
Value 
  Row 1 
     
    12-12 vs. 12-12-R-1 -0.0433 -6.2 to 6.11 No ns >0.9999 
    12-12 vs. 12-12-R-2 -0.0813 -6.23 to 6.07 No ns >0.9999 
    12-12 vs. 12-12-L-2 -0.053 -6.21 to 6.1 No ns >0.9999 
    12-12 vs. 12-12-L-1 0.151 -6 to 6.3 No ns >0.9999 
    12-12 vs. 12-12-S-1 -0.0437 -6.2 to 6.11 No ns >0.9999 
    12-12 vs. 12-12-S-2 -0.064 -6.22 to 6.09 No ns >0.9999 
    12-12-R-1 vs. 12-12-R-2 -0.038 -6.19 to 6.11 No ns >0.9999 
    12-12-R-1 vs. 12-12-L-2 -0.00967 -6.16 to 6.14 No ns >0.9999 
    12-12-R-1 vs. 12-12-L-1 0.194 -5.96 to 6.35 No ns >0.9999 
    12-12-R-1 vs. 12-12-S-1 -0.00033 -6.15 to 6.15 No ns >0.9999 
    12-12-R-1 vs. 12-12-S-2 -0.0207 -6.17 to 6.13 No ns >0.9999 
    12-12-R-2 vs. 12-12-L-2 0.0283 -6.12 to 6.18 No ns >0.9999 
116 
 
    12-12-R-2 vs. 12-12-L-1 0.232 -5.92 to 6.38 No ns >0.9999 
    12-12-R-2 vs. 12-12-S-1 0.0377 -6.11 to 6.19 No ns >0.9999 
    12-12-R-2 vs. 12-12-S-2 0.0173 -6.13 to 6.17 No ns >0.9999 
    12-12-L-2 vs. 12-12-L-1 0.204 -5.95 to 6.36 No ns >0.9999 
    12-12-L-2 vs. 12-12-S-1 0.00933 -6.14 to 6.16 No ns >0.9999 
    12-12-L-2 vs. 12-12-S-2 -0.011 -6.16 to 6.14 No ns >0.9999 
    12-12-L-1 vs. 12-12-S-1 -0.195 -6.35 to 5.96 No ns >0.9999 
    12-12-L-1 vs. 12-12-S-2 -0.215 -6.37 to 5.94 No ns >0.9999 
    12-12-S-1 vs. 12-12-S-2 -0.0203 -6.17 to 6.13 No ns >0.9999 
  Row 2 
     
    12-12 vs. 12-12-R-1 12.2 6 to 18.3 Yes **** <0.0001 
    12-12 vs. 12-12-R-2 8.47 2.32 to 14.6 Yes *** 0.001 
    12-12 vs. 12-12-L-2 11.1 4.91 to 17.2 Yes **** <0.0001 
    12-12 vs. 12-12-L-1 11.4 5.23 to 17.5 Yes **** <0.0001 
    12-12 vs. 12-12-S-1 13 6.81 to 19.1 Yes **** <0.0001 
    12-12 vs. 12-12-S-2 8.73 2.57 to 14.9 Yes *** 0.0006 
    12-12-R-1 vs. 12-12-R-2 -3.68 -9.83 to 2.47 No ns 0.5715 
    12-12-R-1 vs. 12-12-L-2 -1.09 -7.25 to 5.06 No ns 0.9985 
    12-12-R-1 vs. 12-12-L-1 -0.772 -6.92 to 5.38 No ns 0.9998 
    12-12-R-1 vs. 12-12-S-1 0.815 -5.34 to 6.97 No ns 0.9997 
    12-12-R-1 vs. 12-12-S-2 -3.43 -9.58 to 2.73 No ns 0.6543 
    12-12-R-2 vs. 12-12-L-2 2.59 -3.56 to 8.74 No ns 0.8781 
    12-12-R-2 vs. 12-12-L-1 2.91 -3.24 to 9.06 No ns 0.8046 
    12-12-R-2 vs. 12-12-S-1 4.5 -1.66 to 10.6 No ns 0.3199 
    12-12-R-2 vs. 12-12-S-2 0.256 -5.9 to 6.41 No ns >0.9999 
    12-12-L-2 vs. 12-12-L-1 0.322 -5.83 to 6.47 No ns >0.9999 
    12-12-L-2 vs. 12-12-S-1 1.91 -4.24 to 8.06 No ns 0.9702 
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    12-12-L-2 vs. 12-12-S-2 -2.33 -8.48 to 3.82 No ns 0.9227 
    12-12-L-1 vs. 12-12-S-1 1.59 -4.57 to 7.74 No ns 0.9885 
    12-12-L-1 vs. 12-12-S-2 -2.65 -8.81 to 3.5 No ns 0.8646 
    12-12-S-1 vs. 12-12-S-2 -4.24 -10.4 to 1.91 No ns 0.3935 
     
  Row 3 
     
    12-12 vs. 12-12-R-1 15.7 9.59 to 21.9 Yes **** <0.0001 
    12-12 vs. 12-12-R-2 11.3 5.13 to 17.4 Yes **** <0.0001 
    12-12 vs. 12-12-L-2 14 7.89 to 20.2 Yes **** <0.0001 
    12-12 vs. 12-12-L-1 14.6 8.46 to 20.8 Yes **** <0.0001 
    12-12 vs. 12-12-S-1 16.2 10.1 to 22.4 Yes **** <0.0001 
    12-12 vs. 12-12-S-2 11.6 5.48 to 17.8 Yes **** <0.0001 
    12-12-R-1 vs. 12-12-R-2 -4.46 -10.6 to 1.7 No ns 0.3308 
    12-12-R-1 vs. 12-12-L-2 -1.69 -7.85 to 4.46 No ns 0.9838 
    12-12-R-1 vs. 12-12-L-1 -1.13 -7.28 to 5.02 No ns 0.9982 
    12-12-R-1 vs. 12-12-S-1 0.505 -5.65 to 6.66 No ns >0.9999 
    12-12-R-1 vs. 12-12-S-2 -4.1 -10.3 to 2.05 No ns 0.4358 
    12-12-R-2 vs. 12-12-L-2 2.76 -3.39 to 8.91 No ns 0.8405 
    12-12-R-2 vs. 12-12-L-1 3.33 -2.82 to 9.48 No ns 0.6853 
    12-12-R-2 vs. 12-12-S-1 4.96 -1.19 to 11.1 No ns 0.2076 
    12-12-R-2 vs. 12-12-S-2 0.354 -5.8 to 6.51 No ns >0.9999 
    12-12-L-2 vs. 12-12-L-1 0.565 -5.59 to 6.72 No ns >0.9999 
    12-12-L-2 vs. 12-12-S-1 2.2 -3.95 to 8.35 No ns 0.941 
    12-12-L-2 vs. 12-12-S-2 -2.41 -8.56 to 3.74 No ns 0.9107 
    12-12-L-1 vs. 12-12-S-1 1.63 -4.52 to 7.79 No ns 0.9866 
    12-12-L-1 vs. 12-12-S-2 -2.97 -9.13 to 3.18 No ns 0.788 
    12-12-S-1 vs. 12-12-S-2 -4.61 -10.8 to 1.54 No ns 0.2906 
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  Row 4 
     
    12-12 vs. 12-12-R-1 18.4 12.2 to 24.5 Yes **** <0.0001 
    12-12 vs. 12-12-R-2 13.5 7.34 to 19.6 Yes **** <0.0001 
    12-12 vs. 12-12-L-2 16.3 10.2 to 22.5 Yes **** <0.0001 
    12-12 vs. 12-12-L-1 17.2 11.1 to 23.4 Yes **** <0.0001 
    12-12 vs. 12-12-S-1 18.6 12.4 to 24.8 Yes **** <0.0001 
    12-12 vs. 12-12-S-2 14.2 8.04 to 20.3 Yes **** <0.0001 
    12-12-R-1 vs. 12-12-R-2 -4.9 -11.1 to 1.25 No ns 0.22 
    12-12-R-1 vs. 12-12-L-2 -2.08 -8.23 to 4.08 No ns 0.9551 
    12-12-R-1 vs. 12-12-L-1 -1.15 -7.31 to 5 No ns 0.998 
    12-12-R-1 vs. 12-12-S-1 0.203 -5.95 to 6.36 No ns >0.9999 
    12-12-R-1 vs. 12-12-S-2 -4.2 -10.4 to 1.95 No ns 0.4045 
    12-12-R-2 vs. 12-12-L-2 2.83 -3.32 to 8.98 No ns 0.8251 
    12-12-R-2 vs. 12-12-L-1 3.75 -2.4 to 9.9 No ns 0.5491 
    12-12-R-2 vs. 12-12-S-1 5.11 -1.05 to 11.3 No ns 0.1788 
    12-12-R-2 vs. 12-12-S-2 0.699 -5.45 to 6.85 No ns 0.9999 
    12-12-L-2 vs. 12-12-L-1 0.923 -5.23 to 7.08 No ns 0.9994 
    12-12-L-2 vs. 12-12-S-1 2.28 -3.87 to 8.43 No ns 0.9304 
    12-12-L-2 vs. 12-12-S-2 -2.13 -8.28 to 4.02 No ns 0.9494 
    12-12-L-1 vs. 12-12-S-1 1.36 -4.8 to 7.51 No ns 0.9951 
    12-12-L-1 vs. 12-12-S-2 -3.05 -9.2 to 3.1 No ns 0.7667 
    12-12-S-1 vs. 12-12-S-2 -4.41 -10.6 to 1.74 No ns 0.3448 
     
  Row 5 
     
    12-12 vs. 12-12-R-1 -4.86 -11 to 1.29 No ns 0.229 
    12-12 vs. 12-12-R-2 -13.2 -19.4 to -7.07 Yes **** <0.0001 
    12-12 vs. 12-12-L-2 -8.49 -14.6 to -2.33 Yes *** 0.001 
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    12-12 vs. 12-12-L-1 -5.8 -11.9 to 0.357 No ns 0.0802 
    12-12 vs. 12-12-S-1 -6.08 -12.2 to 0.0712 No ns 0.0551 
    12-12 vs. 12-12-S-2 -11.9 -18 to -5.73 Yes **** <0.0001 
    12-12-R-1 vs. 12-12-R-2 -8.36 -14.5 to -2.21 Yes ** 0.0012 
    12-12-R-1 vs. 12-12-L-2 -3.62 -9.77 to 2.53 No ns 0.5909 
    12-12-R-1 vs. 12-12-L-1 -0.933 -7.08 to 5.22 No ns 0.9994 
    12-12-R-1 vs. 12-12-S-1 -1.22 -7.37 to 4.93 No ns 0.9973 
    12-12-R-1 vs. 12-12-S-2 -7.02 -13.2 to -0.863 Yes * 0.0137 
    12-12-R-2 vs. 12-12-L-2 4.74 -1.41 to 10.9 No ns 0.2574 
    12-12-R-2 vs. 12-12-L-1 7.43 1.28 to 13.6 Yes ** 0.0068 
    12-12-R-2 vs. 12-12-S-1 7.14 0.992 to 13.3 Yes * 0.0111 
    12-12-R-2 vs. 12-12-S-2 1.35 -4.8 to 7.5 No ns 0.9952 
    12-12-L-2 vs. 12-12-L-1 2.69 -3.46 to 8.84 No ns 0.8568 
    12-12-L-2 vs. 12-12-S-1 2.4 -3.75 to 8.56 No ns 0.9114 
    12-12-L-2 vs. 12-12-S-2 -3.39 -9.54 to 2.76 No ns 0.6648 
    12-12-L-1 vs. 12-12-S-1 -0.286 -6.44 to 5.87 No ns >0.9999 
    12-12-L-1 vs. 12-12-S-2 -6.08 -12.2 to 0.0696 No ns 0.055 
    12-12-S-1 vs. 12-12-S-2 -5.8 -11.9 to 0.355 No ns 0.08 
     
  Row 6 
     
    12-12 vs. 12-12-R-1 -3.94 -10.1 to 2.21 No ns 0.487 
    12-12 vs. 12-12-R-2 -12.8 -18.9 to -6.63 Yes **** <0.0001 
    12-12 vs. 12-12-L-2 -7.6 -13.7 to -1.45 Yes ** 0.0051 
    12-12 vs. 12-12-L-1 -4.99 -11.1 to 1.17 No ns 0.2026 
    12-12 vs. 12-12-S-1 -4.92 -11.1 to 1.24 No ns 0.2172 
    12-12 vs. 12-12-S-2 -11 -17.1 to -4.82 Yes **** <0.0001 
    12-12-R-1 vs. 12-12-R-2 -8.84 -15 to -2.68 Yes *** 0.0005 
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    12-12-R-1 vs. 12-12-L-2 -3.66 -9.81 to 2.5 No ns 0.58 
    12-12-R-1 vs. 12-12-L-1 -1.04 -7.2 to 5.11 No ns 0.9989 
    12-12-R-1 vs. 12-12-S-1 -0.975 -7.13 to 5.18 No ns 0.9992 
    12-12-R-1 vs. 12-12-S-2 -7.03 -13.2 to -0.878 Yes * 0.0134 
    12-12-R-2 vs. 12-12-L-2 5.18 -0.972 to 11.3 No ns 0.1653 
    12-12-R-2 vs. 12-12-L-1 7.79 1.64 to 13.9 Yes ** 0.0036 
    12-12-R-2 vs. 12-12-S-1 7.86 1.71 to 14 Yes ** 0.0032 
    12-12-R-2 vs. 12-12-S-2 1.81 -4.35 to 7.96 No ns 0.9775 
    12-12-L-2 vs. 12-12-L-1 2.61 -3.54 to 8.76 No ns 0.8733 
    12-12-L-2 vs. 12-12-S-1 2.68 -3.47 to 8.83 No ns 0.8587 
    12-12-L-2 vs. 12-12-S-2 -3.37 -9.53 to 2.78 No ns 0.6706 
    12-12-L-1 vs. 12-12-S-1 0.0697 -6.08 to 6.22 No ns >0.9999 
    12-12-L-1 vs. 12-12-S-2 -5.99 -12.1 to 0.166 No ns 0.0626 
    12-12-S-1 vs. 12-12-S-2 -6.06 -12.2 to 0.0966 No ns 0.057 
     
  Row 7 
     
    12-12 vs. 12-12-R-1 -2.89 -9.04 to 3.27 No ns 0.8109 
    12-12 vs. 12-12-R-2 -11.8 -18 to -5.69 Yes **** <0.0001 
    12-12 vs. 12-12-L-2 -6.53 -12.7 to -0.377 Yes * 0.0291 
    12-12 vs. 12-12-L-1 -3.91 -10.1 to 2.24 No ns 0.4962 
    12-12 vs. 12-12-S-1 -3.41 -9.56 to 2.74 No ns 0.6596 
    12-12 vs. 12-12-S-2 -9.85 -16 to -3.69 Yes **** <0.0001 
    12-12-R-1 vs. 12-12-R-2 -8.96 -15.1 to -2.81 Yes *** 0.0004 
    12-12-R-1 vs. 12-12-L-2 -3.64 -9.8 to 2.51 No ns 0.5839 
    12-12-R-1 vs. 12-12-L-1 -1.03 -7.18 to 5.12 No ns 0.9989 
    12-12-R-1 vs. 12-12-S-1 -0.524 -6.68 to 5.63 No ns >0.9999 
    12-12-R-1 vs. 12-12-S-2 -6.96 -13.1 to -0.808 Yes * 0.015 
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    12-12-R-2 vs. 12-12-L-2 5.31 -0.838 to 11.5 No ns 0.1426 
    12-12-R-2 vs. 12-12-L-1 7.93 1.78 to 14.1 Yes ** 0.0028 
    12-12-R-2 vs. 12-12-S-1 8.43 2.28 to 14.6 Yes ** 0.0011 
    12-12-R-2 vs. 12-12-S-2 2 -4.15 to 8.15 No ns 0.9627 
    12-12-L-2 vs. 12-12-L-1 2.62 -3.54 to 8.77 No ns 0.8724 
    12-12-L-2 vs. 12-12-S-1 3.12 -3.03 to 9.27 No ns 0.7474 
    12-12-L-2 vs. 12-12-S-2 -3.32 -9.47 to 2.84 No ns 0.6887 
    12-12-L-1 vs. 12-12-S-1 0.504 -5.65 to 6.66 No ns >0.9999 
    12-12-L-1 vs. 12-12-S-2 -5.93 -12.1 to 0.22 No ns 0.0672 
    12-12-S-1 vs. 12-12-S-2 -6.44 -12.6 to -0.284 Yes * 0.0334 
     
  Row 8 
     
    12-12 vs. 12-12-R-1 -1.06 -7.21 to 5.09 No ns 0.9988 
    12-12 vs. 12-12-R-2 -10.3 -16.5 to -4.17 Yes **** <0.0001 
    12-12 vs. 12-12-L-2 -5.1 -11.3 to 1.05 No ns 0.1796 
    12-12 vs. 12-12-L-1 -2.29 -8.45 to 3.86 No ns 0.9283 
    12-12 vs. 12-12-S-1 -1.54 -7.7 to 4.61 No ns 0.99 
    12-12 vs. 12-12-S-2 -8.39 -14.5 to -2.24 Yes ** 0.0011 
    12-12-R-1 vs. 12-12-R-2 -9.26 -15.4 to -3.11 Yes *** 0.0002 
    12-12-R-1 vs. 12-12-L-2 -4.04 -10.2 to 2.11 No ns 0.4543 
    12-12-R-1 vs. 12-12-L-1 -1.24 -7.39 to 4.92 No ns 0.997 
    12-12-R-1 vs. 12-12-S-1 -0.485 -6.64 to 5.67 No ns >0.9999 
    12-12-R-1 vs. 12-12-S-2 -7.33 -13.5 to -1.18 Yes ** 0.0081 
    12-12-R-2 vs. 12-12-L-2 5.22 -0.934 to 11.4 No ns 0.1586 
    12-12-R-2 vs. 12-12-L-1 8.03 1.88 to 14.2 Yes ** 0.0023 
    12-12-R-2 vs. 12-12-S-1 8.78 2.63 to 14.9 Yes *** 0.0005 
    12-12-R-2 vs. 12-12-S-2 1.93 -4.22 to 8.08 No ns 0.9687 
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    12-12-L-2 vs. 12-12-L-1 2.81 -3.34 to 8.96 No ns 0.8296 
    12-12-L-2 vs. 12-12-S-1 3.56 -2.59 to 9.71 No ns 0.6117 
    12-12-L-2 vs. 12-12-S-2 -3.29 -9.44 to 2.86 No ns 0.6968 
    12-12-L-1 vs. 12-12-S-1 0.75 -5.4 to 6.9 No ns 0.9998 
    12-12-L-1 vs. 12-12-S-2 -6.1 -12.3 to 0.0536 No ns 0.0538 
    12-12-S-1 vs. 12-12-S-2 -6.85 -13 to -0.696 Yes * 0.0179 
     
  Row 9 
     
    12-12 vs. 12-12-R-1 0.957 -5.2 to 7.11 No ns 0.9993 
    12-12 vs. 12-12-R-2 -8.36 -14.5 to -2.21 Yes ** 0.0012 
    12-12 vs. 12-12-L-2 -3.22 -9.38 to 2.93 No ns 0.7167 
    12-12 vs. 12-12-L-1 -0.32 -6.47 to 5.83 No ns >0.9999 
    12-12 vs. 12-12-S-1 0.687 -5.47 to 6.84 No ns 0.9999 
    12-12 vs. 12-12-S-2 -6.56 -12.7 to -0.404 Yes * 0.028 
    12-12-R-1 vs. 12-12-R-2 -9.32 -15.5 to -3.16 Yes *** 0.0002 
    12-12-R-1 vs. 12-12-L-2 -4.18 -10.3 to 1.97 No ns 0.4116 
    12-12-R-1 vs. 12-12-L-1 -1.28 -7.43 to 4.88 No ns 0.9964 
    12-12-R-1 vs. 12-12-S-1 -0.27 -6.42 to 5.88 No ns >0.9999 
    12-12-R-1 vs. 12-12-S-2 -7.51 -13.7 to -1.36 Yes ** 0.0059 
    12-12-R-2 vs. 12-12-L-2 5.14 -1.02 to 11.3 No ns 0.1735 
    12-12-R-2 vs. 12-12-L-1 8.04 1.89 to 14.2 Yes ** 0.0023 
    12-12-R-2 vs. 12-12-S-1 9.05 2.89 to 15.2 Yes *** 0.0003 
    12-12-R-2 vs. 12-12-S-2 1.8 -4.35 to 7.95 No ns 0.9777 
    12-12-L-2 vs. 12-12-L-1 2.9 -3.25 to 9.06 No ns 0.806 
    12-12-L-2 vs. 12-12-S-1 3.91 -2.24 to 10.1 No ns 0.4968 
    12-12-L-2 vs. 12-12-S-2 -3.33 -9.48 to 2.82 No ns 0.6837 
    12-12-L-1 vs. 12-12-S-1 1.01 -5.14 to 7.16 No ns 0.9991 
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    12-12-L-1 vs. 12-12-S-2 -6.24 -12.4 to -0.0841 Yes * 0.0445 
    12-12-S-1 vs. 12-12-S-2 -7.24 -13.4 to -1.09 Yes ** 0.0094 
     
  Row 10 
     
    12-12 vs. 12-12-R-1 3.57 -2.58 to 9.72 No ns 0.6086 
    12-12 vs. 12-12-R-2 -5.82 -12 to 0.329 No ns 0.0774 
    12-12 vs. 12-12-L-2 -0.901 -7.05 to 5.25 No ns 0.9995 
    12-12 vs. 12-12-L-1 2.06 -4.09 to 8.21 No ns 0.9567 
    12-12 vs. 12-12-S-1 3.44 -2.71 to 9.6 No ns 0.6489 
    12-12 vs. 12-12-S-2 -4.29 -10.4 to 1.87 No ns 0.3799 
    12-12-R-1 vs. 12-12-R-2 -9.39 -15.5 to -3.24 Yes *** 0.0001 
    12-12-R-1 vs. 12-12-L-2 -4.47 -10.6 to 1.68 No ns 0.3275 
    12-12-R-1 vs. 12-12-L-1 -1.51 -7.66 to 4.64 No ns 0.9912 
    12-12-R-1 vs. 12-12-S-1 -0.125 -6.28 to 6.03 No ns >0.9999 
    12-12-R-1 vs. 12-12-S-2 -7.85 -14 to -1.7 Yes ** 0.0032 
    12-12-R-2 vs. 12-12-L-2 4.92 -1.23 to 11.1 No ns 0.2158 
    12-12-R-2 vs. 12-12-L-1 7.88 1.73 to 14 Yes ** 0.003 
    12-12-R-2 vs. 12-12-S-1 9.27 3.11 to 15.4 Yes *** 0.0002 
    12-12-R-2 vs. 12-12-S-2 1.54 -4.61 to 7.69 No ns 0.9903 
    12-12-L-2 vs. 12-12-L-1 2.96 -3.19 to 9.11 No ns 0.7913 
    12-12-L-2 vs. 12-12-S-1 4.34 -1.81 to 10.5 No ns 0.363 
    12-12-L-2 vs. 12-12-S-2 -3.39 -9.54 to 2.77 No ns 0.6671 
    12-12-L-1 vs. 12-12-S-1 1.38 -4.77 to 7.54 No ns 0.9945 
    12-12-L-1 vs. 12-12-S-2 -6.35 -12.5 to -0.194 Yes * 0.0381 
    12-12-S-1 vs. 12-12-S-2 -7.73 -13.9 to -1.58 Yes ** 0.004 
     
  Row 11 
     
    12-12 vs. 12-12-R-1 6.25 0.1 to 12.4 Yes * 0.0435 
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    12-12 vs. 12-12-R-2 -3.19 -9.34 to 2.96 No ns 0.7277 
    12-12 vs. 12-12-L-2 1.61 -4.54 to 7.76 No ns 0.9875 
    12-12 vs. 12-12-L-1 4.63 -1.52 to 10.8 No ns 0.2848 
    12-12 vs. 12-12-S-1 6.23 0.0818 to 12.4 Yes * 0.0446 
    12-12 vs. 12-12-S-2 -1.8 -7.95 to 4.35 No ns 0.978 
    12-12-R-1 vs. 12-12-R-2 -9.44 -15.6 to -3.29 Yes *** 0.0001 
    12-12-R-1 vs. 12-12-L-2 -4.64 -10.8 to 1.51 No ns 0.2821 
    12-12-R-1 vs. 12-12-L-1 -1.62 -7.78 to 4.53 No ns 0.987 
    12-12-R-1 vs. 12-12-S-1 -0.0187 -6.17 to 6.13 No ns >0.9999 
    12-12-R-1 vs. 12-12-S-2 -8.05 -14.2 to -1.9 Yes ** 0.0022 
    12-12-R-2 vs. 12-12-L-2 4.8 -1.35 to 11 No ns 0.2434 
    12-12-R-2 vs. 12-12-L-1 7.82 1.66 to 14 Yes ** 0.0034 
    12-12-R-2 vs. 12-12-S-1 9.42 3.27 to 15.6 Yes *** 0.0001 
    12-12-R-2 vs. 12-12-S-2 1.39 -4.76 to 7.54 No ns 0.9944 
    12-12-L-2 vs. 12-12-L-1 3.02 -3.13 to 9.17 No ns 0.7761 
    12-12-L-2 vs. 12-12-S-1 4.62 -1.53 to 10.8 No ns 0.2869 
    12-12-L-2 vs. 12-12-S-2 -3.41 -9.56 to 2.74 No ns 0.6594 
    12-12-L-1 vs. 12-12-S-1 1.6 -4.55 to 7.76 No ns 0.9878 
    12-12-L-1 vs. 12-12-S-2 -6.43 -12.6 to -0.275 Yes * 0.0339 
    12-12-S-1 vs. 12-12-S-2 -8.03 -14.2 to -1.88 Yes ** 0.0023 
     
  Row 12 
     
    12-12 vs. 12-12-R-1 19.8 13.6 to 25.9 Yes **** <0.0001 
    12-12 vs. 12-12-R-2 14.1 7.9 to 20.2 Yes **** <0.0001 
    12-12 vs. 12-12-L-2 16.7 10.5 to 22.8 Yes **** <0.0001 
    12-12 vs. 12-12-L-1 18.4 12.2 to 24.5 Yes **** <0.0001 
    12-12 vs. 12-12-S-1 19.7 13.5 to 25.9 Yes **** <0.0001 
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    12-12 vs. 12-12-S-2 14.9 8.74 to 21 Yes **** <0.0001 
    12-12-R-1 vs. 12-12-R-2 -5.73 -11.9 to 0.423 No ns 0.0871 
    12-12-R-1 vs. 12-12-L-2 -3.13 -9.28 to 3.03 No ns 0.7455 
    12-12-R-1 vs. 12-12-L-1 -1.43 -7.58 to 4.73 No ns 0.9935 
    12-12-R-1 vs. 12-12-S-1 -0.0817 -6.23 to 6.07 No ns >0.9999 
    12-12-R-1 vs. 12-12-S-2 -4.89 -11 to 1.26 No ns 0.2222 
    12-12-R-2 vs. 12-12-L-2 2.6 -3.55 to 8.76 No ns 0.875 
    12-12-R-2 vs. 12-12-L-1 4.3 -1.85 to 10.5 No ns 0.3744 
    12-12-R-2 vs. 12-12-S-1 5.65 -0.504 to 11.8 No ns 0.0964 
    12-12-R-2 vs. 12-12-S-2 0.836 -5.32 to 6.99 No ns 0.9997 
    12-12-L-2 vs. 12-12-L-1 1.7 -4.45 to 7.85 No ns 0.9834 
    12-12-L-2 vs. 12-12-S-1 3.04 -3.11 to 9.2 No ns 0.7685 
    12-12-L-2 vs. 12-12-S-2 -1.77 -7.92 to 4.39 No ns 0.9798 
    12-12-L-1 vs. 12-12-S-1 1.34 -4.81 to 7.5 No ns 0.9953 
    12-12-L-1 vs. 12-12-S-2 -3.47 -9.62 to 2.68 No ns 0.6408 
    12-12-S-1 vs. 12-12-S-2 -4.81 -11 to 1.34 No ns 0.2406 
     
  Row 13 
     
    12-12 vs. 12-12-R-1 18.1 11.9 to 24.2 Yes **** <0.0001 
    12-12 vs. 12-12-R-2 14.1 7.91 to 20.2 Yes **** <0.0001 
    12-12 vs. 12-12-L-2 15.6 9.47 to 21.8 Yes **** <0.0001 
    12-12 vs. 12-12-L-1 16.9 10.7 to 23 Yes **** <0.0001 
    12-12 vs. 12-12-S-1 17.8 11.7 to 24 Yes **** <0.0001 
    12-12 vs. 12-12-S-2 14.1 7.98 to 20.3 Yes **** <0.0001 
    12-12-R-1 vs. 12-12-R-2 -4.03 -10.2 to 2.12 No ns 0.4579 
    12-12-R-1 vs. 12-12-L-2 -2.48 -8.63 to 3.67 No ns 0.8985 
    12-12-R-1 vs. 12-12-L-1 -1.2 -7.35 to 4.95 No ns 0.9975 
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    12-12-R-1 vs. 12-12-S-1 -0.264 -6.42 to 5.89 No ns >0.9999 
    12-12-R-1 vs. 12-12-S-2 -3.97 -10.1 to 2.19 No ns 0.4794 
    12-12-R-2 vs. 12-12-L-2 1.55 -4.6 to 7.71 No ns 0.9897 
    12-12-R-2 vs. 12-12-L-1 2.83 -3.32 to 8.98 No ns 0.8242 
    12-12-R-2 vs. 12-12-S-1 3.77 -2.38 to 9.92 No ns 0.5433 
    12-12-R-2 vs. 12-12-S-2 0.0673 -6.08 to 6.22 No ns >0.9999 
    12-12-L-2 vs. 12-12-L-1 1.28 -4.87 to 7.43 No ns 0.9964 
    12-12-L-2 vs. 12-12-S-1 2.22 -3.94 to 8.37 No ns 0.9389 
    12-12-L-2 vs. 12-12-S-2 -1.49 -7.64 to 4.67 No ns 0.9919 
    12-12-L-1 vs. 12-12-S-1 0.937 -5.21 to 7.09 No ns 0.9994 
    12-12-L-1 vs. 12-12-S-2 -2.76 -8.92 to 3.39 No ns 0.8402 
    12-12-S-1 vs. 12-12-S-2 -3.7 -9.85 to 2.45 No ns 0.5653 
     
  Row 14 
     
    12-12 vs. 12-12-R-1 14.7 8.58 to 20.9 Yes **** <0.0001 
    12-12 vs. 12-12-R-2 11.6 5.43 to 17.7 Yes **** <0.0001 
    12-12 vs. 12-12-L-2 12.9 6.7 to 19 Yes **** <0.0001 
    12-12 vs. 12-12-L-1 13.9 7.76 to 20.1 Yes **** <0.0001 
    12-12 vs. 12-12-S-1 14.6 8.45 to 20.8 Yes **** <0.0001 
    12-12 vs. 12-12-S-2 11.5 5.31 to 17.6 Yes **** <0.0001 
    12-12-R-1 vs. 12-12-R-2 -3.15 -9.3 to 3 No ns 0.7379 
    12-12-R-1 vs. 12-12-L-2 -1.88 -8.03 to 4.28 No ns 0.9726 
    12-12-R-1 vs. 12-12-L-1 -0.815 -6.97 to 5.34 No ns 0.9997 
    12-12-R-1 vs. 12-12-S-1 -0.126 -6.28 to 6.03 No ns >0.9999 
    12-12-R-1 vs. 12-12-S-2 -3.27 -9.42 to 2.88 No ns 0.7023 
    12-12-R-2 vs. 12-12-L-2 1.28 -4.88 to 7.43 No ns 0.9965 
    12-12-R-2 vs. 12-12-L-1 2.34 -3.82 to 8.49 No ns 0.9219 
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    12-12-R-2 vs. 12-12-S-1 3.03 -3.13 to 9.18 No ns 0.7735 
    12-12-R-2 vs. 12-12-S-2 -0.12 -6.27 to 6.03 No ns >0.9999 
    12-12-L-2 vs. 12-12-L-1 1.06 -5.09 to 7.21 No ns 0.9987 
    12-12-L-2 vs. 12-12-S-1 1.75 -4.4 to 7.9 No ns 0.9807 
    12-12-L-2 vs. 12-12-S-2 -1.4 -7.55 to 4.76 No ns 0.9942 
    12-12-L-1 vs. 12-12-S-1 0.69 -5.46 to 6.84 No ns 0.9999 
    12-12-L-1 vs. 12-12-S-2 -2.46 -8.61 to 3.7 No ns 0.9025 
    12-12-S-1 vs. 12-12-S-2 -3.15 -9.3 to 3.01 No ns 0.7397 
     
  Row 15 
     
    12-12 vs. 12-12-R-1 3.34 -2.81 to 9.49 No ns 0.6811 
    12-12 vs. 12-12-R-2 2.33 -3.83 to 8.48 No ns 0.9237 
    12-12 vs. 12-12-L-2 2.85 -3.3 to 9 No ns 0.8196 
    12-12 vs. 12-12-L-1 3.2 -2.95 to 9.35 No ns 0.7232 
    12-12 vs. 12-12-S-1 3.32 -2.83 to 9.47 No ns 0.688 
    12-12 vs. 12-12-S-2 2.34 -3.81 to 8.49 No ns 0.9218 
    12-12-R-1 vs. 12-12-R-2 -1.02 -7.17 to 5.14 No ns 0.999 
    12-12-R-1 vs. 12-12-L-2 -0.491 -6.64 to 5.66 No ns >0.9999 
    12-12-R-1 vs. 12-12-L-1 -0.138 -6.29 to 6.01 No ns >0.9999 
    12-12-R-1 vs. 12-12-S-1 -0.0223 -6.17 to 6.13 No ns >0.9999 
    12-12-R-1 vs. 12-12-S-2 -1 -7.16 to 5.15 No ns 0.9991 
    12-12-R-2 vs. 12-12-L-2 0.525 -5.63 to 6.68 No ns >0.9999 
    12-12-R-2 vs. 12-12-L-1 0.877 -5.28 to 7.03 No ns 0.9996 
    12-12-R-2 vs. 12-12-S-1 0.993 -5.16 to 7.15 No ns 0.9991 
    12-12-R-2 vs. 12-12-S-2 0.0123 -6.14 to 6.16 No ns >0.9999 
    12-12-L-2 vs. 12-12-L-1 0.352 -5.8 to 6.5 No ns >0.9999 
    12-12-L-2 vs. 12-12-S-1 0.468 -5.68 to 6.62 No ns >0.9999 
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    12-12-L-2 vs. 12-12-S-2 -0.512 -6.66 to 5.64 No ns >0.9999 
    12-12-L-1 vs. 12-12-S-1 0.116 -6.04 to 6.27 No ns >0.9999 
    12-12-L-1 vs. 12-12-S-2 -0.865 -7.02 to 5.29 No ns 0.9996 
    12-12-S-1 vs. 12-12-S-2 -0.981 -7.13 to 5.17 No ns 0.9992 
     
  Row 16 
     
    12-12 vs. 12-12-R-1 -0.112 -6.26 to 6.04 No ns >0.9999 
    12-12 vs. 12-12-R-2 -0.179 -6.33 to 5.97 No ns >0.9999 
    12-12 vs. 12-12-L-2 -0.133 -6.29 to 6.02 No ns >0.9999 
    12-12 vs. 12-12-L-1 -0.112 -6.26 to 6.04 No ns >0.9999 
    12-12 vs. 12-12-S-1 -0.105 -6.26 to 6.05 No ns >0.9999 
    12-12 vs. 12-12-S-2 -0.201 -6.35 to 5.95 No ns >0.9999 
    12-12-R-1 vs. 12-12-R-2 -0.067 -6.22 to 6.09 No ns >0.9999 
    12-12-R-1 vs. 12-12-L-2 -0.0213 -6.17 to 6.13 No ns >0.9999 
    12-12-R-1 vs. 12-12-L-1 -0.000333 -6.15 to 6.15 No ns >0.9999 
    12-12-R-1 vs. 12-12-S-1 0.00667 -6.15 to 6.16 No ns >0.9999 
    12-12-R-1 vs. 12-12-S-2 -0.089 -6.24 to 6.06 No ns >0.9999 
    12-12-R-2 vs. 12-12-L-2 0.0457 -6.11 to 6.2 No ns >0.9999 
    12-12-R-2 vs. 12-12-L-1 0.0667 -6.09 to 6.22 No ns >0.9999 
    12-12-R-2 vs. 12-12-S-1 0.0737 -6.08 to 6.23 No ns >0.9999 
    12-12-R-2 vs. 12-12-S-2 -0.022 -6.17 to 6.13 No ns >0.9999 
    12-12-L-2 vs. 12-12-L-1 0.021 -6.13 to 6.17 No ns >0.9999 
    12-12-L-2 vs. 12-12-S-1 0.028 -6.12 to 6.18 No ns >0.9999 
    12-12-L-2 vs. 12-12-S-2 -0.0677 -6.22 to 6.08 No ns >0.9999 
    12-12-L-1 vs. 12-12-S-1 0.007 -6.15 to 6.16 No ns >0.9999 
    12-12-L-1 vs. 12-12-S-2 -0.0887 -6.24 to 6.06 No ns >0.9999 
    12-12-S-1 vs. 12-12-S-2 -0.0957 -6.25 to 6.06 No ns >0.9999 
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  Row 17 
     
    12-12 vs. 12-12-R-1 -0.195 -6.35 to 5.96 No ns >0.9999 
    12-12 vs. 12-12-R-2 -0.215 -6.37 to 5.94 No ns >0.9999 
    12-12 vs. 12-12-L-2 -0.165 -6.32 to 5.99 No ns >0.9999 
    12-12 vs. 12-12-L-1 -0.186 -6.34 to 5.97 No ns >0.9999 
    12-12 vs. 12-12-S-1 -0.179 -6.33 to 5.97 No ns >0.9999 
    12-12 vs. 12-12-S-2 -0.207 -6.36 to 5.94 No ns >0.9999 
    12-12-R-1 vs. 12-12-R-2 -0.0203 -6.17 to 6.13 No ns >0.9999 
    12-12-R-1 vs. 12-12-L-2 0.03 -6.12 to 6.18 No ns >0.9999 
    12-12-R-1 vs. 12-12-L-1 0.00867 -6.14 to 6.16 No ns >0.9999 
    12-12-R-1 vs. 12-12-S-1 0.016 -6.14 to 6.17 No ns >0.9999 
    12-12-R-1 vs. 12-12-S-2 -0.0123 -6.16 to 6.14 No ns >0.9999 
    12-12-R-2 vs. 12-12-L-2 0.0503 -6.1 to 6.2 No ns >0.9999 
    12-12-R-2 vs. 12-12-L-1 0.029 -6.12 to 6.18 No ns >0.9999 
    12-12-R-2 vs. 12-12-S-1 0.0363 -6.12 to 6.19 No ns >0.9999 
    12-12-R-2 vs. 12-12-S-2 0.008 -6.14 to 6.16 No ns >0.9999 
    12-12-L-2 vs. 12-12-L-1 -0.0213 -6.17 to 6.13 No ns >0.9999 
    12-12-L-2 vs. 12-12-S-1 -0.014 -6.17 to 6.14 No ns >0.9999 
    12-12-L-2 vs. 12-12-S-2 -0.0423 -6.19 to 6.11 No ns >0.9999 
    12-12-L-1 vs. 12-12-S-1 0.00733 -6.14 to 6.16 No ns >0.9999 
    12-12-L-1 vs. 12-12-S-2 -0.021 -6.17 to 6.13 No ns >0.9999 
    12-12-S-1 vs. 12-12-S-2 -0.0283 -6.18 to 6.12 No ns >0.9999 
      
  Row 18 
     
    12-12 vs. 12-12-R-1 -0.108 -6.26 to 6.04 No ns >0.9999 
    12-12 vs. 12-12-R-2 -0.0903 -6.24 to 6.06 No ns >0.9999 
    12-12 vs. 12-12-L-2 -0.0913 -6.24 to 6.06 No ns >0.9999 
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    12-12 vs. 12-12-L-1 -0.0877 -6.24 to 6.06 No ns >0.9999 
    12-12 vs. 12-12-S-1 -0.109 -6.26 to 6.04 No ns >0.9999 
    12-12 vs. 12-12-S-2 -0.0923 -6.24 to 6.06 No ns >0.9999 
    12-12-R-1 vs. 12-12-R-2 0.018 -6.13 to 6.17 No ns >0.9999 
    12-12-R-1 vs. 12-12-L-2 0.017 -6.14 to 6.17 No ns >0.9999 
    12-12-R-1 vs. 12-12-L-1 0.0207 -6.13 to 6.17 No ns >0.9999 
    12-12-R-1 vs. 12-12-S-1 -0.001 -6.15 to 6.15 No ns >0.9999 
    12-12-R-1 vs. 12-12-S-2 0.016 -6.14 to 6.17 No ns >0.9999 
    12-12-R-2 vs. 12-12-L-2 -0.001 -6.15 to 6.15 No ns >0.9999 
    12-12-R-2 vs. 12-12-L-1 0.00267 -6.15 to 6.15 No ns >0.9999 
    12-12-R-2 vs. 12-12-S-1 -0.019 -6.17 to 6.13 No ns >0.9999 
    12-12-R-2 vs. 12-12-S-2 -0.002 -6.15 to 6.15 No ns >0.9999 
    12-12-L-2 vs. 12-12-L-1 0.00367 -6.15 to 6.16 No ns >0.9999 
    12-12-L-2 vs. 12-12-S-1 -0.018 -6.17 to 6.13 No ns >0.9999 
    12-12-L-2 vs. 12-12-S-2 -0.001 -6.15 to 6.15 No ns >0.9999 
    12-12-L-1 vs. 12-12-S-1 -0.0217 -6.17 to 6.13 No ns >0.9999 
    12-12-L-1 vs. 12-12-S-2 -0.00467 -6.16 to 6.15 No ns >0.9999 
    12-12-S-1 vs. 12-12-S-2 0.017 -6.14 to 6.17 No ns >0.9999 
 
Table A.3. Tukey’s Multiple Comparison Test for Combination of 12-10 
Tukey's multiple comparisons test 




   
 
    12-10 vs. 12-10-R-1 -4.14 -10.3 to 1.99 No ns 0.4202 
    12-10 vs. 12-10-R-2 -4.16 -10.3 to 1.98 No ns 0.4148 
    12-10 vs. 12-10-L-1 -4.09 -10.2 to 2.04 No ns 0.4361 
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    12-10 vs. 12-10-L-2 -4.16 -10.3 to 1.97 No ns 0.4131 
    12-10 vs. 12-10-S-1 -4.15 -10.3 to 1.98 No ns 0.4169 
    12-10 vs. 12-10-S-2 -4.14 -10.3 to 2 No ns 0.4213 
    12-10-R-1 vs. 12-10-R-2 -0.0173 -6.15 to 6.11 No ns >0.9999 
    12-10-R-1 vs. 12-10-L-1 0.051 -6.08 to 6.18 No ns >0.9999 
    12-10-R-1 vs. 12-10-L-2 -0.023 -6.15 to 6.11 No ns >0.9999 
    12-10-R-1 vs. 12-10-S-1 -0.0107 -6.14 to 6.12 No ns >0.9999 
    12-10-R-1 vs. 12-10-S-2 0.00367 -6.13 to 6.14 No ns >0.9999 
    12-10-R-2 vs. 12-10-L-1 0.0683 -6.06 to 6.2 No ns >0.9999 
    12-10-R-2 vs. 12-10-L-2 -0.00567 -6.14 to 6.13 No ns >0.9999 
    12-10-R-2 vs. 12-10-S-1 0.00667 -6.12 to 6.14 No ns >0.9999 
    12-10-R-2 vs. 12-10-S-2 0.021 -6.11 to 6.15 No ns >0.9999 
    12-10-L-1 vs. 12-10-L-2 -0.074 -6.21 to 6.06 No ns >0.9999 
    12-10-L-1 vs. 12-10-S-1 -0.0617 -6.19 to 6.07 No ns >0.9999 
    12-10-L-1 vs. 12-10-S-2 -0.0473 -6.18 to 6.08 No ns >0.9999 
    12-10-L-2 vs. 12-10-S-1 0.0123 -6.12 to 6.14 No ns >0.9999 
    12-10-L-2 vs. 12-10-S-2 0.0267 -6.1 to 6.16 No ns >0.9999 
    12-10-S-1 vs. 12-10-S-2 0.0143 -6.12 to 6.15 No ns >0.9999 
 
    
 
2 
   
 
    12-10 vs. 12-10-R-1 -0.574 -6.71 to 5.56 No ns >0.9999 
    12-10 vs. 12-10-R-2 -0.8 -6.93 to 5.33 No ns 0.9997 
    12-10 vs. 12-10-L-1 4.19 -1.94 to 10.3 No ns 0.4035 
    12-10 vs. 12-10-L-2 -2.47 -8.6 to 3.66 No ns 0.8981 
    12-10 vs. 12-10-S-1 -2.81 -8.94 to 3.32 No ns 0.8266 
    12-10 vs. 12-10-S-2 -0.182 -6.31 to 5.95 No ns >0.9999 
    12-10-R-1 vs. 12-10-R-2 -0.226 -6.36 to 5.91 No ns >0.9999 
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    12-10-R-1 vs. 12-10-L-1 4.77 -1.36 to 10.9 No ns 0.2472 
    12-10-R-1 vs. 12-10-L-2 -1.9 -8.03 to 4.23 No ns 0.9704 
    12-10-R-1 vs. 12-10-S-1 -2.24 -8.37 to 3.89 No ns 0.935 
    12-10-R-1 vs. 12-10-S-2 0.392 -5.74 to 6.52 No ns >0.9999 
    12-10-R-2 vs. 12-10-L-1 4.99 -1.14 to 11.1 No ns 0.1977 
    12-10-R-2 vs. 12-10-L-2 -1.67 -7.81 to 4.46 No ns 0.9845 
    12-10-R-2 vs. 12-10-S-1 -2.01 -8.14 to 4.12 No ns 0.9608 
    12-10-R-2 vs. 12-10-S-2 0.618 -5.51 to 6.75 No ns >0.9999 
    12-10-L-1 vs. 12-10-L-2 -6.67 -12.8 to -0.535 Yes * 0.0229 
    12-10-L-1 vs. 12-10-S-1 -7.01 -13.1 to -0.874 Yes * 0.0134 
    12-10-L-1 vs. 12-10-S-2 -4.38 -10.5 to 1.76 No ns 0.3497 
    12-10-L-2 vs. 12-10-S-1 -0.338 -6.47 to 5.79 No ns >0.9999 
    12-10-L-2 vs. 12-10-S-2 2.29 -3.84 to 8.42 No ns 0.9275 
    12-10-S-1 vs. 12-10-S-2 2.63 -3.5 to 8.76 No ns 0.8677 
 
    
 
3 
   
 
    12-10 vs. 12-10-R-1 0.824 -5.31 to 6.96 No ns 0.9997 
    12-10 vs. 12-10-R-2 0.463 -5.67 to 6.59 No ns >0.9999 
    12-10 vs. 12-10-L-1 6.52 0.384 to 12.6 Yes * 0.0288 
    12-10 vs. 12-10-L-2 -1.86 -7.99 to 4.27 No ns 0.9735 
    12-10 vs. 12-10-S-1 -2.34 -8.47 to 3.79 No ns 0.9198 
    12-10 vs. 12-10-S-2 0.974 -5.16 to 7.11 No ns 0.9992 
    12-10-R-1 vs. 12-10-R-2 -0.361 -6.49 to 5.77 No ns >0.9999 
    12-10-R-1 vs. 12-10-L-1 5.69 -0.44 to 11.8 No ns 0.0893 
    12-10-R-1 vs. 12-10-L-2 -2.68 -8.81 to 3.45 No ns 0.8564 
    12-10-R-1 vs. 12-10-S-1 -3.17 -9.3 to 2.96 No ns 0.7303 
    12-10-R-1 vs. 12-10-S-2 0.15 -5.98 to 6.28 No ns >0.9999 
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    12-10-R-2 vs. 12-10-L-1 6.05 -0.0794 to 12.2 No ns 0.0557 
    12-10-R-2 vs. 12-10-L-2 -2.32 -8.45 to 3.81 No ns 0.9231 
    12-10-R-2 vs. 12-10-S-1 -2.81 -8.94 to 3.32 No ns 0.8278 
    12-10-R-2 vs. 12-10-S-2 0.511 -5.62 to 6.64 No ns >0.9999 
    12-10-L-1 vs. 12-10-L-2 -8.37 -14.5 to -2.24 Yes ** 0.0011 
    12-10-L-1 vs. 12-10-S-1 -8.86 -15 to -2.73 Yes *** 0.0004 
    12-10-L-1 vs. 12-10-S-2 -5.54 -11.7 to 0.59 No ns 0.1072 
    12-10-L-2 vs. 12-10-S-1 -0.485 -6.62 to 5.65 No ns >0.9999 
    12-10-L-2 vs. 12-10-S-2 2.83 -3.3 to 8.96 No ns 0.8216 
    12-10-S-1 vs. 12-10-S-2 3.32 -2.81 to 9.45 No ns 0.6849 
 
    
 
4 
   
 
    12-10 vs. 12-10-R-1 2.18 -3.95 to 8.31 No ns 0.9425 
    12-10 vs. 12-10-R-2 1.76 -4.37 to 7.89 No ns 0.9798 
    12-10 vs. 12-10-L-1 8.33 2.2 to 14.5 Yes ** 0.0012 
    12-10 vs. 12-10-L-2 -1.09 -7.22 to 5.05 No ns 0.9985 
    12-10 vs. 12-10-S-1 -1.8 -7.93 to 4.33 No ns 0.9773 
    12-10 vs. 12-10-S-2 2.1 -4.03 to 8.23 No ns 0.9514 
    12-10-R-1 vs. 12-10-R-2 -0.417 -6.55 to 5.71 No ns >0.9999 
    12-10-R-1 vs. 12-10-L-1 6.15 0.0166 to 12.3 Yes * 0.0489 
    12-10-R-1 vs. 12-10-L-2 -3.27 -9.4 to 2.87 No ns 0.7008 
    12-10-R-1 vs. 12-10-S-1 -3.98 -10.1 to 2.15 No ns 0.4697 
    12-10-R-1 vs. 12-10-S-2 -0.0767 -6.21 to 6.05 No ns >0.9999 
    12-10-R-2 vs. 12-10-L-1 6.57 0.434 to 12.7 Yes * 0.0267 
    12-10-R-2 vs. 12-10-L-2 -2.85 -8.98 to 3.28 No ns 0.8176 
    12-10-R-2 vs. 12-10-S-1 -3.56 -9.7 to 2.57 No ns 0.6058 
    12-10-R-2 vs. 12-10-S-2 0.341 -5.79 to 6.47 No ns >0.9999 
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    12-10-L-1 vs. 12-10-L-2 -9.41 -15.5 to -3.28 Yes *** 0.0001 
    12-10-L-1 vs. 12-10-S-1 -10.1 -16.3 to -4 Yes **** <0.0001 
    12-10-L-1 vs. 12-10-S-2 -6.22 -12.4 to -0.0933 Yes * 0.0439 
    12-10-L-2 vs. 12-10-S-1 -0.716 -6.85 to 5.42 No ns 0.9999 
    12-10-L-2 vs. 12-10-S-2 3.19 -2.94 to 9.32 No ns 0.724 
    12-10-S-1 vs. 12-10-S-2 3.91 -2.23 to 10 No ns 0.4944 
 
    
 
5 
   
 
    12-10 vs. 12-10-R-1 -21.5 -27.7 to -15.4 Yes **** <0.0001 
    12-10 vs. 12-10-R-2 -22.4 -28.5 to -16.3 Yes **** <0.0001 
    12-10 vs. 12-10-L-1 -15.5 -21.6 to -9.33 Yes **** <0.0001 
    12-10 vs. 12-10-L-2 -26.8 -32.9 to -20.6 Yes **** <0.0001 
    12-10 vs. 12-10-S-1 -27.4 -33.6 to -21.3 Yes **** <0.0001 
    12-10 vs. 12-10-S-2 -24.7 -30.8 to -18.5 Yes **** <0.0001 
    12-10-R-1 vs. 12-10-R-2 -0.872 -7 to 5.26 No ns 0.9996 
    12-10-R-1 vs. 12-10-L-1 6.07 -0.0661 to 12.2 No ns 0.0547 
    12-10-R-1 vs. 12-10-L-2 -5.24 -11.4 to 0.888 No ns 0.1513 
    12-10-R-1 vs. 12-10-S-1 -5.92 -12.1 to 0.208 No ns 0.0662 
    12-10-R-1 vs. 12-10-S-2 -3.14 -9.28 to 2.99 No ns 0.7372 
    12-10-R-2 vs. 12-10-L-1 6.94 0.806 to 13.1 Yes * 0.0149 
    12-10-R-2 vs. 12-10-L-2 -4.37 -10.5 to 1.76 No ns 0.3507 
    12-10-R-2 vs. 12-10-S-1 -5.05 -11.2 to 1.08 No ns 0.186 
    12-10-R-2 vs. 12-10-S-2 -2.27 -8.4 to 3.86 No ns 0.9303 
    12-10-L-1 vs. 12-10-L-2 -11.3 -17.4 to -5.18 Yes **** <0.0001 
    12-10-L-1 vs. 12-10-S-1 -12 -18.1 to -5.86 Yes **** <0.0001 
    12-10-L-1 vs. 12-10-S-2 -9.21 -15.3 to -3.08 Yes *** 0.0002 
    12-10-L-2 vs. 12-10-S-1 -0.68 -6.81 to 5.45 No ns >0.9999 
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    12-10-L-2 vs. 12-10-S-2 2.1 -4.03 to 8.23 No ns 0.9518 
    12-10-S-1 vs. 12-10-S-2 2.78 -3.35 to 8.91 No ns 0.8343 
 
    
 
6 
   
 
    12-10 vs. 12-10-R-1 -21.5 -27.6 to -15.4 Yes **** <0.0001 
    12-10 vs. 12-10-R-2 -22.5 -28.6 to -16.3 Yes **** <0.0001 
    12-10 vs. 12-10-L-1 -14.7 -20.8 to -8.58 Yes **** <0.0001 
    12-10 vs. 12-10-L-2 -26.4 -32.6 to -20.3 Yes **** <0.0001 
    12-10 vs. 12-10-S-1 -27.2 -33.3 to -21 Yes **** <0.0001 
    12-10 vs. 12-10-S-2 -23.9 -30.1 to -17.8 Yes **** <0.0001 
    12-10-R-1 vs. 12-10-R-2 -0.943 -7.07 to 5.19 No ns 0.9993 
    12-10-R-1 vs. 12-10-L-1 6.79 0.663 to 12.9 Yes * 0.0188 
    12-10-R-1 vs. 12-10-L-2 -4.93 -11.1 to 1.2 No ns 0.2098 
    12-10-R-1 vs. 12-10-S-1 -5.64 -11.8 to 0.487 No ns 0.0946 
    12-10-R-1 vs. 12-10-S-2 -2.42 -8.55 to 3.71 No ns 0.9071 
    12-10-R-2 vs. 12-10-L-1 7.74 1.61 to 13.9 Yes ** 0.0038 
    12-10-R-2 vs. 12-10-L-2 -3.99 -10.1 to 2.14 No ns 0.4667 
    12-10-R-2 vs. 12-10-S-1 -4.7 -10.8 to 1.43 No ns 0.2629 
    12-10-R-2 vs. 12-10-S-2 -1.48 -7.61 to 4.65 No ns 0.9919 
    12-10-L-1 vs. 12-10-L-2 -11.7 -17.9 to -5.6 Yes **** <0.0001 
    12-10-L-1 vs. 12-10-S-1 -12.4 -18.6 to -6.31 Yes **** <0.0001 
    12-10-L-1 vs. 12-10-S-2 -9.22 -15.3 to -3.09 Yes *** 0.0002 
    12-10-L-2 vs. 12-10-S-1 -0.71 -6.84 to 5.42 No ns 0.9999 
    12-10-L-2 vs. 12-10-S-2 2.51 -3.62 to 8.64 No ns 0.891 
    12-10-S-1 vs. 12-10-S-2 3.22 -2.91 to 9.35 No ns 0.7139 
 
    
 
7 
   
 
    12-10 vs. 12-10-R-1 -21.1 -27.2 to -15 Yes **** <0.0001 
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    12-10 vs. 12-10-R-2 -22.2 -28.4 to -16.1 Yes **** <0.0001 
    12-10 vs. 12-10-L-1 -13.8 -19.9 to -7.65 Yes **** <0.0001 
    12-10 vs. 12-10-L-2 -26.2 -32.3 to -20 Yes **** <0.0001 
    12-10 vs. 12-10-S-1 -27 -33.1 to -20.8 Yes **** <0.0001 
    12-10 vs. 12-10-S-2 -23.3 -29.4 to -17.1 Yes **** <0.0001 
    12-10-R-1 vs. 12-10-R-2 -1.14 -7.28 to 4.99 No ns 0.998 
    12-10-R-1 vs. 12-10-L-1 7.32 1.19 to 13.5 Yes ** 0.0079 
    12-10-R-1 vs. 12-10-L-2 -5.07 -11.2 to 1.06 No ns 0.1826 
    12-10-R-1 vs. 12-10-S-1 -5.87 -12 to 0.264 No ns 0.0713 
    12-10-R-1 vs. 12-10-S-2 -2.15 -8.28 to 3.98 No ns 0.946 
    12-10-R-2 vs. 12-10-L-1 8.46 2.33 to 14.6 Yes *** 0.0009 
    12-10-R-2 vs. 12-10-L-2 -3.93 -10.1 to 2.21 No ns 0.488 
    12-10-R-2 vs. 12-10-S-1 -4.72 -10.9 to 1.41 No ns 0.2578 
    12-10-R-2 vs. 12-10-S-2 -1.01 -7.14 to 5.13 No ns 0.9991 
    12-10-L-1 vs. 12-10-L-2 -12.4 -18.5 to -6.26 Yes **** <0.0001 
    12-10-L-1 vs. 12-10-S-1 -13.2 -19.3 to -7.05 Yes **** <0.0001 
    12-10-L-1 vs. 12-10-S-2 -9.47 -15.6 to -3.34 Yes *** 0.0001 
    12-10-L-2 vs. 12-10-S-1 -0.798 -6.93 to 5.33 No ns 0.9998 
    12-10-L-2 vs. 12-10-S-2 2.92 -3.21 to 9.05 No ns 0.7997 
    12-10-S-1 vs. 12-10-S-2 3.72 -2.42 to 9.85 No ns 0.5562 
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    12-10 vs. 12-10-R-1 -20 -26.1 to -13.9 Yes **** <0.0001 
    12-10 vs. 12-10-R-2 -21.4 -27.6 to -15.3 Yes **** <0.0001 
    12-10 vs. 12-10-L-1 -12.5 -18.6 to -6.32 Yes **** <0.0001 
    12-10 vs. 12-10-L-2 -25.6 -31.7 to -19.5 Yes **** <0.0001 
    12-10 vs. 12-10-S-1 -26.4 -32.6 to -20.3 Yes **** <0.0001 
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    12-10 vs. 12-10-S-2 -22.2 -28.3 to -16.1 Yes **** <0.0001 
    12-10-R-1 vs. 12-10-R-2 -1.44 -7.57 to 4.69 No ns 0.993 
    12-10-R-1 vs. 12-10-L-1 7.54 1.41 to 13.7 Yes ** 0.0054 
    12-10-R-1 vs. 12-10-L-2 -5.61 -11.7 to 0.522 No ns 0.0988 
    12-10-R-1 vs. 12-10-S-1 -6.45 -12.6 to -0.318 Yes * 0.0318 
    12-10-R-1 vs. 12-10-S-2 -2.21 -8.34 to 3.92 No ns 0.9389 
    12-10-R-2 vs. 12-10-L-1 8.98 2.85 to 15.1 Yes *** 0.0003 
    12-10-R-2 vs. 12-10-L-2 -4.17 -10.3 to 1.96 No ns 0.4111 
    12-10-R-2 vs. 12-10-S-1 -5.01 -11.1 to 1.12 No ns 0.1947 
    12-10-R-2 vs. 12-10-S-2 -0.767 -6.9 to 5.36 No ns 0.9998 
    12-10-L-1 vs. 12-10-L-2 -13.2 -19.3 to -7.02 Yes **** <0.0001 
    12-10-L-1 vs. 12-10-S-1 -14 -20.1 to -7.86 Yes **** <0.0001 
    12-10-L-1 vs. 12-10-S-2 -9.75 -15.9 to -3.62 Yes **** <0.0001 
    12-10-L-2 vs. 12-10-S-1 -0.84 -6.97 to 5.29 No ns 0.9997 
    12-10-L-2 vs. 12-10-S-2 3.4 -2.73 to 9.53 No ns 0.6584 
    12-10-S-1 vs. 12-10-S-2 4.24 -1.89 to 10.4 No ns 0.3891 
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    12-10 vs. 12-10-R-1 -18.9 -25 to -12.8 Yes **** <0.0001 
    12-10 vs. 12-10-R-2 -20.4 -26.6 to -14.3 Yes **** <0.0001 
    12-10 vs. 12-10-L-1 -10.9 -17 to -4.76 Yes **** <0.0001 
    12-10 vs. 12-10-L-2 -24.9 -31 to -18.7 Yes **** <0.0001 
    12-10 vs. 12-10-S-1 -25.8 -31.9 to -19.6 Yes **** <0.0001 
    12-10 vs. 12-10-S-2 -21 -27.1 to -14.8 Yes **** <0.0001 
    12-10-R-1 vs. 12-10-R-2 -1.54 -7.67 to 4.59 No ns 0.99 
    12-10-R-1 vs. 12-10-L-1 8.01 1.87 to 14.1 Yes ** 0.0023 
    12-10-R-1 vs. 12-10-L-2 -5.95 -12.1 to 0.178 No ns 0.0637 
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    12-10-R-1 vs. 12-10-S-1 -6.87 -13 to -0.742 Yes * 0.0166 
    12-10-R-1 vs. 12-10-S-2 -2.08 -8.21 to 4.05 No ns 0.9541 
    12-10-R-2 vs. 12-10-L-1 9.55 3.42 to 15.7 Yes **** <0.0001 
    12-10-R-2 vs. 12-10-L-2 -4.41 -10.5 to 1.72 No ns 0.339 
    12-10-R-2 vs. 12-10-S-1 -5.33 -11.5 to 0.799 No ns 0.1369 
    12-10-R-2 vs. 12-10-S-2 -0.538 -6.67 to 5.59 No ns >0.9999 
    12-10-L-1 vs. 12-10-L-2 -14 -20.1 to -7.83 Yes **** <0.0001 
    12-10-L-1 vs. 12-10-S-1 -14.9 -21 to -8.75 Yes **** <0.0001 
    12-10-L-1 vs. 12-10-S-2 -10.1 -16.2 to -3.95 Yes **** <0.0001 
    12-10-L-2 vs. 12-10-S-1 -0.92 -7.05 to 5.21 No ns 0.9994 
    12-10-L-2 vs. 12-10-S-2 3.87 -2.26 to 10 No ns 0.5044 
    12-10-S-1 vs. 12-10-S-2 4.79 -1.34 to 10.9 No ns 0.2408 
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    12-10 vs. 12-10-R-1 -17.2 -23.3 to -11 Yes **** <0.0001 
    12-10 vs. 12-10-R-2 -18.7 -24.9 to -12.6 Yes **** <0.0001 
    12-10 vs. 12-10-L-1 -8.94 -15.1 to -2.81 Yes *** 0.0003 
    12-10 vs. 12-10-L-2 -23.8 -29.9 to -17.7 Yes **** <0.0001 
    12-10 vs. 12-10-S-1 -24.8 -30.9 to -18.7 Yes **** <0.0001 
    12-10 vs. 12-10-S-2 -19.4 -25.5 to -13.3 Yes **** <0.0001 
    12-10-R-1 vs. 12-10-R-2 -1.56 -7.69 to 4.57 No ns 0.9893 
    12-10-R-1 vs. 12-10-L-1 8.24 2.1 to 14.4 Yes ** 0.0015 
    12-10-R-1 vs. 12-10-L-2 -6.63 -12.8 to -0.499 Yes * 0.0242 
    12-10-R-1 vs. 12-10-S-1 -7.6 -13.7 to -1.47 Yes ** 0.0048 
    12-10-R-1 vs. 12-10-S-2 -2.23 -8.36 to 3.9 No ns 0.9362 
    12-10-R-2 vs. 12-10-L-1 9.8 3.66 to 15.9 Yes **** <0.0001 
    12-10-R-2 vs. 12-10-L-2 -5.07 -11.2 to 1.06 No ns 0.1824 
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    12-10-R-2 vs. 12-10-S-1 -6.04 -12.2 to 0.0867 No ns 0.0563 
    12-10-R-2 vs. 12-10-S-2 -0.668 -6.8 to 5.46 No ns >0.9999 
    12-10-L-1 vs. 12-10-L-2 -14.9 -21 to -8.74 Yes **** <0.0001 
    12-10-L-1 vs. 12-10-S-1 -15.8 -22 to -9.71 Yes **** <0.0001 
    12-10-L-1 vs. 12-10-S-2 -10.5 -16.6 to -4.33 Yes **** <0.0001 
    12-10-L-2 vs. 12-10-S-1 -0.974 -7.11 to 5.16 No ns 0.9992 
    12-10-L-2 vs. 12-10-S-2 4.4 -1.73 to 10.5 No ns 0.342 
    12-10-S-1 vs. 12-10-S-2 5.38 -0.755 to 11.5 No ns 0.1302 
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    12-10 vs. 12-10-R-1 -15.5 -21.7 to -9.41 Yes **** <0.0001 
    12-10 vs. 12-10-R-2 -17.1 -23.3 to -11 Yes **** <0.0001 
    12-10 vs. 12-10-L-1 -7.1 -13.2 to -0.967 Yes * 0.0115 
    12-10 vs. 12-10-L-2 -22.7 -28.8 to -16.6 Yes **** <0.0001 
    12-10 vs. 12-10-S-1 -23.8 -29.9 to -17.6 Yes **** <0.0001 
    12-10 vs. 12-10-S-2 -18 -24.1 to -11.8 Yes **** <0.0001 
    12-10-R-1 vs. 12-10-R-2 -1.58 -7.71 to 4.55 No ns 0.9885 
    12-10-R-1 vs. 12-10-L-1 8.44 2.31 to 14.6 Yes *** 0.001 
    12-10-R-1 vs. 12-10-L-2 -7.17 -13.3 to -1.04 Yes * 0.0101 
    12-10-R-1 vs. 12-10-S-1 -8.22 -14.4 to -2.09 Yes ** 0.0015 
    12-10-R-1 vs. 12-10-S-2 -2.43 -8.56 to 3.7 No ns 0.9056 
    12-10-R-2 vs. 12-10-L-1 10 3.89 to 16.2 Yes **** <0.0001 
    12-10-R-2 vs. 12-10-L-2 -5.59 -11.7 to 0.539 No ns 0.1008 
    12-10-R-2 vs. 12-10-S-1 -6.64 -12.8 to -0.51 Yes * 0.0238 
    12-10-R-2 vs. 12-10-S-2 -0.849 -6.98 to 5.28 No ns 0.9996 
    12-10-L-1 vs. 12-10-L-2 -15.6 -21.7 to -9.49 Yes **** <0.0001 
    12-10-L-1 vs. 12-10-S-1 -16.7 -22.8 to -10.5 Yes **** <0.0001 
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    12-10-L-1 vs. 12-10-S-2 -10.9 -17 to -4.74 Yes **** <0.0001 
    12-10-L-2 vs. 12-10-S-1 -1.05 -7.18 to 5.08 No ns 0.9988 
    12-10-L-2 vs. 12-10-S-2 4.74 -1.39 to 10.9 No ns 0.2529 
    12-10-S-1 vs. 12-10-S-2 5.79 -0.34 to 11.9 No ns 0.0786 
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    12-10 vs. 12-10-R-1 1.59 -4.54 to 7.72 No ns 0.988 
    12-10 vs. 12-10-R-2 0.743 -5.39 to 6.87 No ns 0.9998 
    12-10 vs. 12-10-L-1 8.26 2.13 to 14.4 Yes ** 0.0014 
    12-10 vs. 12-10-L-2 -2.99 -9.12 to 3.14 No ns 0.7804 
    12-10 vs. 12-10-S-1 -3.93 -10.1 to 2.2 No ns 0.4859 
    12-10 vs. 12-10-S-2 0.791 -5.34 to 6.92 No ns 0.9998 
    12-10-R-1 vs. 12-10-R-2 -0.849 -6.98 to 5.28 No ns 0.9996 
    12-10-R-1 vs. 12-10-L-1 6.67 0.535 to 12.8 Yes * 0.0229 
    12-10-R-1 vs. 12-10-L-2 -4.58 -10.7 to 1.55 No ns 0.2926 
    12-10-R-1 vs. 12-10-S-1 -5.52 -11.7 to 0.607 No ns 0.1095 
    12-10-R-1 vs. 12-10-S-2 -0.802 -6.93 to 5.33 No ns 0.9997 
    12-10-R-2 vs. 12-10-L-1 7.52 1.38 to 13.6 Yes ** 0.0056 
    12-10-R-2 vs. 12-10-L-2 -3.73 -9.87 to 2.4 No ns 0.5502 
    12-10-R-2 vs. 12-10-S-1 -4.68 -10.8 to 1.46 No ns 0.2694 
    12-10-R-2 vs. 12-10-S-2 0.0473 -6.08 to 6.18 No ns >0.9999 
    12-10-L-1 vs. 12-10-L-2 -11.3 -17.4 to -5.12 Yes **** <0.0001 
    12-10-L-1 vs. 12-10-S-1 -12.2 -18.3 to -6.06 Yes **** <0.0001 
    12-10-L-1 vs. 12-10-S-2 -7.47 -13.6 to -1.34 Yes ** 0.0061 
    12-10-L-2 vs. 12-10-S-1 -0.94 -7.07 to 5.19 No ns 0.9994 
    12-10-L-2 vs. 12-10-S-2 3.78 -2.35 to 9.91 No ns 0.5346 
    12-10-S-1 vs. 12-10-S-2 4.72 -1.41 to 10.9 No ns 0.2578 
 





   
 
    12-10 vs. 12-10-R-1 2.03 -4.1 to 8.17 No ns 0.9586 
    12-10 vs. 12-10-R-2 1.33 -4.8 to 7.46 No ns 0.9955 
    12-10 vs. 12-10-L-1 7.94 1.81 to 14.1 Yes ** 0.0026 
    12-10 vs. 12-10-L-2 -1.81 -7.94 to 4.33 No ns 0.9771 
    12-10 vs. 12-10-S-1 -2.57 -8.7 to 3.56 No ns 0.8801 
    12-10 vs. 12-10-S-2 1.53 -4.6 to 7.66 No ns 0.9902 
    12-10-R-1 vs. 12-10-R-2 -0.708 -6.84 to 5.42 No ns 0.9999 
    12-10-R-1 vs. 12-10-L-1 5.91 -0.224 to 12 No ns 0.0676 
    12-10-R-1 vs. 12-10-L-2 -3.84 -9.97 to 2.29 No ns 0.5154 
    12-10-R-1 vs. 12-10-S-1 -4.6 -10.7 to 1.53 No ns 0.2876 
    12-10-R-1 vs. 12-10-S-2 -0.501 -6.63 to 5.63 No ns >0.9999 
    12-10-R-2 vs. 12-10-L-1 6.62 0.484 to 12.7 Yes * 0.0248 
    12-10-R-2 vs. 12-10-L-2 -3.13 -9.26 to 3 No ns 0.7405 
    12-10-R-2 vs. 12-10-S-1 -3.9 -10 to 2.24 No ns 0.4975 
    12-10-R-2 vs. 12-10-S-2 0.207 -5.92 to 6.34 No ns >0.9999 
    12-10-L-1 vs. 12-10-L-2 -9.75 -15.9 to -3.62 Yes **** <0.0001 
    12-10-L-1 vs. 12-10-S-1 -10.5 -16.6 to -4.38 Yes **** <0.0001 
    12-10-L-1 vs. 12-10-S-2 -6.41 -12.5 to -0.277 Yes * 0.0337 
    12-10-L-2 vs. 12-10-S-1 -0.763 -6.89 to 5.37 No ns 0.9998 
    12-10-L-2 vs. 12-10-S-2 3.34 -2.79 to 9.47 No ns 0.6779 
    12-10-S-1 vs. 12-10-S-2 4.1 -2.03 to 10.2 No ns 0.4316 
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    12-10 vs. 12-10-R-1 1.18 -4.95 to 7.31 No ns 0.9977 
    12-10 vs. 12-10-R-2 0.377 -5.75 to 6.51 No ns >0.9999 
    12-10 vs. 12-10-L-1 5.86 -0.275 to 12 No ns 0.0723 
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    12-10 vs. 12-10-L-2 -2.12 -8.26 to 4.01 No ns 0.9491 
    12-10 vs. 12-10-S-1 -2.83 -8.96 to 3.3 No ns 0.8227 
    12-10 vs. 12-10-S-2 0.484 -5.65 to 6.62 No ns >0.9999 
    12-10-R-1 vs. 12-10-R-2 -0.802 -6.93 to 5.33 No ns 0.9997 
    12-10-R-1 vs. 12-10-L-1 4.68 -1.45 to 10.8 No ns 0.2688 
    12-10-R-1 vs. 12-10-L-2 -3.3 -9.43 to 2.83 No ns 0.6892 
    12-10-R-1 vs. 12-10-S-1 -4.01 -10.1 to 2.12 No ns 0.4618 
    12-10-R-1 vs. 12-10-S-2 -0.695 -6.83 to 5.44 No ns 0.9999 
    12-10-R-2 vs. 12-10-L-1 5.48 -0.652 to 11.6 No ns 0.1155 
    12-10-R-2 vs. 12-10-L-2 -2.5 -8.63 to 3.63 No ns 0.893 
    12-10-R-2 vs. 12-10-S-1 -3.2 -9.34 to 2.93 No ns 0.7192 
    12-10-R-2 vs. 12-10-S-2 0.106 -6.03 to 6.24 No ns >0.9999 
    12-10-L-1 vs. 12-10-L-2 -7.98 -14.1 to -1.85 Yes ** 0.0024 
    12-10-L-1 vs. 12-10-S-1 -8.68 -14.8 to -2.55 Yes *** 0.0006 
    12-10-L-1 vs. 12-10-S-2 -5.37 -11.5 to 0.758 No ns 0.1307 
    12-10-L-2 vs. 12-10-S-1 -0.703 -6.83 to 5.43 No ns 0.9999 
    12-10-L-2 vs. 12-10-S-2 2.61 -3.52 to 8.74 No ns 0.8722 
    12-10-S-1 vs. 12-10-S-2 3.31 -2.82 to 9.44 No ns 0.6867 
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    12-10 vs. 12-10-R-1 -3.35 -9.48 to 2.78 No ns 0.675 
    12-10 vs. 12-10-R-2 -3.61 -9.75 to 2.52 No ns 0.5894 
    12-10 vs. 12-10-L-1 -1.91 -8.04 to 4.22 No ns 0.9694 
    12-10 vs. 12-10-L-2 -4.26 -10.4 to 1.87 No ns 0.3843 
    12-10 vs. 12-10-S-1 -4.5 -10.6 to 1.63 No ns 0.3143 
    12-10 vs. 12-10-S-2 -3.52 -9.65 to 2.61 No ns 0.6196 
    12-10-R-1 vs. 12-10-R-2 -0.266 -6.4 to 5.87 No ns >0.9999 
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    12-10-R-1 vs. 12-10-L-1 1.44 -4.69 to 7.57 No ns 0.9931 
    12-10-R-1 vs. 12-10-L-2 -0.908 -7.04 to 5.22 No ns 0.9995 
    12-10-R-1 vs. 12-10-S-1 -1.15 -7.28 to 4.98 No ns 0.998 
    12-10-R-1 vs. 12-10-S-2 -0.173 -6.3 to 5.96 No ns >0.9999 
    12-10-R-2 vs. 12-10-L-1 1.7 -4.43 to 7.83 No ns 0.9831 
    12-10-R-2 vs. 12-10-L-2 -0.642 -6.77 to 5.49 No ns >0.9999 
    12-10-R-2 vs. 12-10-S-1 -0.887 -7.02 to 5.24 No ns 0.9995 
    12-10-R-2 vs. 12-10-S-2 0.0927 -6.04 to 6.22 No ns >0.9999 
    12-10-L-1 vs. 12-10-L-2 -2.34 -8.48 to 3.79 No ns 0.9196 
    12-10-L-1 vs. 12-10-S-1 -2.59 -8.72 to 3.54 No ns 0.876 
    12-10-L-1 vs. 12-10-S-2 -1.61 -7.74 to 4.52 No ns 0.9873 
    12-10-L-2 vs. 12-10-S-1 -0.245 -6.38 to 5.89 No ns >0.9999 
    12-10-L-2 vs. 12-10-S-2 0.735 -5.4 to 6.87 No ns 0.9998 
    12-10-S-1 vs. 12-10-S-2 0.98 -5.15 to 7.11 No ns 0.9992 
 
    
 
16 
   
 
    12-10 vs. 12-10-R-1 -4.38 -10.5 to 1.75 No ns 0.3478 
    12-10 vs. 12-10-R-2 -4.39 -10.5 to 1.74 No ns 0.3459 
    12-10 vs. 12-10-L-1 -4.22 -10.4 to 1.91 No ns 0.3941 
    12-10 vs. 12-10-L-2 -4.44 -10.6 to 1.69 No ns 0.3313 
    12-10 vs. 12-10-S-1 -4.5 -10.6 to 1.63 No ns 0.3155 
    12-10 vs. 12-10-S-2 -4.39 -10.5 to 1.74 No ns 0.3452 
    12-10-R-1 vs. 12-10-R-2 -0.00667 -6.14 to 6.12 No ns >0.9999 
    12-10-R-1 vs. 12-10-L-1 0.157 -5.97 to 6.29 No ns >0.9999 
    12-10-R-1 vs. 12-10-L-2 -0.0587 -6.19 to 6.07 No ns >0.9999 
    12-10-R-1 vs. 12-10-S-1 -0.116 -6.25 to 6.02 No ns >0.9999 
    12-10-R-1 vs. 12-10-S-2 -0.00933 -6.14 to 6.12 No ns >0.9999 
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    12-10-R-2 vs. 12-10-L-1 0.164 -5.97 to 6.3 No ns >0.9999 
    12-10-R-2 vs. 12-10-L-2 -0.052 -6.18 to 6.08 No ns >0.9999 
    12-10-R-2 vs. 12-10-S-1 -0.109 -6.24 to 6.02 No ns >0.9999 
    12-10-R-2 vs. 12-10-S-2 -0.00267 -6.13 to 6.13 No ns >0.9999 
    12-10-L-1 vs. 12-10-L-2 -0.216 -6.35 to 5.92 No ns >0.9999 
    12-10-L-1 vs. 12-10-S-1 -0.273 -6.4 to 5.86 No ns >0.9999 
    12-10-L-1 vs. 12-10-S-2 -0.167 -6.3 to 5.96 No ns >0.9999 
    12-10-L-2 vs. 12-10-S-1 -0.0573 -6.19 to 6.07 No ns >0.9999 
    12-10-L-2 vs. 12-10-S-2 0.0493 -6.08 to 6.18 No ns >0.9999 
    12-10-S-1 vs. 12-10-S-2 0.107 -6.02 to 6.24 No ns >0.9999 
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    12-10 vs. 12-10-R-1 -4.25 -10.4 to 1.88 No ns 0.3873 
    12-10 vs. 12-10-R-2 -4.25 -10.4 to 1.88 No ns 0.3853 
    12-10 vs. 12-10-L-1 -4.24 -10.4 to 1.89 No ns 0.3891 
    12-10 vs. 12-10-L-2 -4.26 -10.4 to 1.87 No ns 0.3842 
    12-10 vs. 12-10-S-1 -4.26 -10.4 to 1.87 No ns 0.3825 
    12-10 vs. 12-10-S-2 -4.25 -10.4 to 1.88 No ns 0.3857 
    12-10-R-1 vs. 12-10-R-2 -0.00667 -6.14 to 6.12 No ns >0.9999 
    12-10-R-1 vs. 12-10-L-1 0.006 -6.13 to 6.14 No ns >0.9999 
    12-10-R-1 vs. 12-10-L-2 -0.0103 -6.14 to 6.12 No ns >0.9999 
    12-10-R-1 vs. 12-10-S-1 -0.016 -6.15 to 6.12 No ns >0.9999 
    12-10-R-1 vs. 12-10-S-2 -0.00533 -6.14 to 6.13 No ns >0.9999 
    12-10-R-2 vs. 12-10-L-1 0.0127 -6.12 to 6.14 No ns >0.9999 
    12-10-R-2 vs. 12-10-L-2 -0.00367 -6.14 to 6.13 No ns >0.9999 
    12-10-R-2 vs. 12-10-S-1 -0.00933 -6.14 to 6.12 No ns >0.9999 
    12-10-R-2 vs. 12-10-S-2 0.00133 -6.13 to 6.13 No ns >0.9999 
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    12-10-L-1 vs. 12-10-L-2 -0.0163 -6.15 to 6.12 No ns >0.9999 
    12-10-L-1 vs. 12-10-S-1 -0.022 -6.15 to 6.11 No ns >0.9999 
    12-10-L-1 vs. 12-10-S-2 -0.0113 -6.14 to 6.12 No ns >0.9999 
    12-10-L-2 vs. 12-10-S-1 -0.00567 -6.14 to 6.13 No ns >0.9999 
    12-10-L-2 vs. 12-10-S-2 0.005 -6.13 to 6.14 No ns >0.9999 
    12-10-S-1 vs. 12-10-S-2 0.0107 -6.12 to 6.14 No ns >0.9999 
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    12-10 vs. 12-10-R-1 -4.07 -10.2 to 2.06 No ns 0.4411 
    12-10 vs. 12-10-R-2 -4.1 -10.2 to 2.03 No ns 0.4331 
    12-10 vs. 12-10-L-1 -4.15 -10.3 to 1.99 No ns 0.4183 
    12-10 vs. 12-10-L-2 -4.13 -10.3 to 2 No ns 0.4233 
    12-10 vs. 12-10-S-1 -4.13 -10.3 to 2.01 No ns 0.4241 
    12-10 vs. 12-10-S-2 -4.12 -10.2 to 2.02 No ns 0.4274 
    12-10-R-1 vs. 12-10-R-2 -0.0253 -6.16 to 6.11 No ns >0.9999 
    12-10-R-1 vs. 12-10-L-1 -0.073 -6.2 to 6.06 No ns >0.9999 
    12-10-R-1 vs. 12-10-L-2 -0.057 -6.19 to 6.07 No ns >0.9999 
    12-10-R-1 vs. 12-10-S-1 -0.0543 -6.19 to 6.08 No ns >0.9999 
    12-10-R-1 vs. 12-10-S-2 -0.0437 -6.18 to 6.09 No ns >0.9999 
    12-10-R-2 vs. 12-10-L-1 -0.0477 -6.18 to 6.08 No ns >0.9999 
    12-10-R-2 vs. 12-10-L-2 -0.0317 -6.16 to 6.1 No ns >0.9999 
    12-10-R-2 vs. 12-10-S-1 -0.029 -6.16 to 6.1 No ns >0.9999 
    12-10-R-2 vs. 12-10-S-2 -0.0183 -6.15 to 6.11 No ns >0.9999 
    12-10-L-1 vs. 12-10-L-2 0.016 -6.12 to 6.15 No ns >0.9999 
    12-10-L-1 vs. 12-10-S-1 0.0187 -6.11 to 6.15 No ns >0.9999 
    12-10-L-1 vs. 12-10-S-2 0.0293 -6.1 to 6.16 No ns >0.9999 
    12-10-L-2 vs. 12-10-S-1 0.00267 -6.13 to 6.13 No ns >0.9999 
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    12-10-L-2 vs. 12-10-S-2 0.0133 -6.12 to 6.14 No ns >0.9999 
    12-10-S-1 vs. 12-10-S-2 0.0107 -6.12 to 6.14 No ns >0.9999 
 
Table A.4. Tukey’s Multiple Comparison Test for Combination of 10-12 
Tukey's multiple comparisons test Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P 
Value 
1 
     
    10-12 vs. 10-12-R-1 -0.0747 -1.6 to 1.45 No ns >0.9999 
    10-12 vs. 10-12-R-2 -0.06 -1.59 to 1.47 No ns >0.9999 
    10-12 vs. 10-12-L-1 -0.0133 -1.54 to 1.51 No ns >0.9999 
    10-12 vs. 10-12-L-2 -0.033 -1.56 to 1.49 No ns >0.9999 
    10-12 vs. 10-12-S-1 -0.0323 -1.56 to 1.5 No ns >0.9999 
    10-12 vs. 10-12-S-2 -0.0393 -1.57 to 1.49 No ns >0.9999 
    10-12-R-1 vs. 10-12-R-2 0.0147 -1.51 to 1.54 No ns >0.9999 
    10-12-R-1 vs. 10-12-L-1 0.0613 -1.47 to 1.59 No ns >0.9999 
    10-12-R-1 vs. 10-12-L-2 0.0417 -1.49 to 1.57 No ns >0.9999 
    10-12-R-1 vs. 10-12-S-1 0.0423 -1.49 to 1.57 No ns >0.9999 
    10-12-R-1 vs. 10-12-S-2 0.0353 -1.49 to 1.56 No ns >0.9999 
    10-12-R-2 vs. 10-12-L-1 0.0467 -1.48 to 1.57 No ns >0.9999 
    10-12-R-2 vs. 10-12-L-2 0.027 -1.5 to 1.55 No ns >0.9999 
    10-12-R-2 vs. 10-12-S-1 0.0277 -1.5 to 1.56 No ns >0.9999 
    10-12-R-2 vs. 10-12-S-2 0.0207 -1.51 to 1.55 No ns >0.9999 
    10-12-L-1 vs. 10-12-L-2 -0.0197 -1.55 to 1.51 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-1 -0.019 -1.55 to 1.51 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-2 -0.026 -1.55 to 1.5 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-1 0.000667 -1.53 to 1.53 No ns >0.9999 
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    10-12-L-2 vs. 10-12-S-2 -0.00633 -1.53 to 1.52 No ns >0.9999 
    10-12-S-1 vs. 10-12-S-2 -0.007 -1.53 to 1.52 No ns >0.9999 
      
2 
     
    10-12 vs. 10-12-R-1 0.373 -1.16 to 1.9 No ns 0.9914 
    10-12 vs. 10-12-R-2 0.06 -1.47 to 1.59 No ns >0.9999 
    10-12 vs. 10-12-L-1 0.0283 -1.5 to 1.56 No ns >0.9999 
    10-12 vs. 10-12-L-2 0.128 -1.4 to 1.66 No ns >0.9999 
    10-12 vs. 10-12-S-1 0.125 -1.4 to 1.65 No ns >0.9999 
    10-12 vs. 10-12-S-2 0.199 -1.33 to 1.73 No ns 0.9997 
    10-12-R-1 vs. 10-12-R-2 -0.313 -1.84 to 1.22 No ns 0.9967 
    10-12-R-1 vs. 10-12-L-1 -0.344 -1.87 to 1.18 No ns 0.9944 
    10-12-R-1 vs. 10-12-L-2 -0.245 -1.77 to 1.28 No ns 0.9992 
    10-12-R-1 vs. 10-12-S-1 -0.247 -1.78 to 1.28 No ns 0.9991 
    10-12-R-1 vs. 10-12-S-2 -0.173 -1.7 to 1.35 No ns 0.9999 
    10-12-R-2 vs. 10-12-L-1 -0.0317 -1.56 to 1.5 No ns >0.9999 
    10-12-R-2 vs. 10-12-L-2 0.068 -1.46 to 1.6 No ns >0.9999 
    10-12-R-2 vs. 10-12-S-1 0.0653 -1.46 to 1.59 No ns >0.9999 
    10-12-R-2 vs. 10-12-S-2 0.139 -1.39 to 1.67 No ns >0.9999 
    10-12-L-1 vs. 10-12-L-2 0.0997 -1.43 to 1.63 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-1 0.097 -1.43 to 1.62 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-2 0.171 -1.36 to 1.7 No ns 0.9999 
    10-12-L-2 vs. 10-12-S-1 -0.00267 -1.53 to 1.53 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-2 0.0713 -1.46 to 1.6 No ns >0.9999 
    10-12-S-1 vs. 10-12-S-2 0.074 -1.45 to 1.6 No ns >0.9999 
      
3 
     
    10-12 vs. 10-12-R-1 0.752 -0.776 to 2.28 No ns 0.7732 
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    10-12 vs. 10-12-R-2 0.185 -1.34 to 1.71 No ns 0.9998 
    10-12 vs. 10-12-L-1 0.173 -1.35 to 1.7 No ns 0.9999 
    10-12 vs. 10-12-L-2 0.261 -1.27 to 1.79 No ns 0.9988 
    10-12 vs. 10-12-S-1 0.225 -1.3 to 1.75 No ns 0.9995 
    10-12 vs. 10-12-S-2 0.267 -1.26 to 1.8 No ns 0.9986 
    10-12-R-1 vs. 10-12-R-2 -0.567 -2.1 to 0.961 No ns 0.9296 
    10-12-R-1 vs. 10-12-L-1 -0.579 -2.11 to 0.949 No ns 0.9228 
    10-12-R-1 vs. 10-12-L-2 -0.491 -2.02 to 1.04 No ns 0.9645 
    10-12-R-1 vs. 10-12-S-1 -0.527 -2.06 to 1 No ns 0.95 
    10-12-R-1 vs. 10-12-S-2 -0.485 -2.01 to 1.04 No ns 0.9668 
    10-12-R-2 vs. 10-12-L-1 -0.0117 -1.54 to 1.52 No ns >0.9999 
    10-12-R-2 vs. 10-12-L-2 0.076 -1.45 to 1.6 No ns >0.9999 
    10-12-R-2 vs. 10-12-S-1 0.04 -1.49 to 1.57 No ns >0.9999 
    10-12-R-2 vs. 10-12-S-2 0.0827 -1.45 to 1.61 No ns >0.9999 
    10-12-L-1 vs. 10-12-L-2 0.0877 -1.44 to 1.62 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-1 0.0517 -1.48 to 1.58 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-2 0.0943 -1.43 to 1.62 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-1 -0.036 -1.56 to 1.49 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-2 0.00667 -1.52 to 1.53 No ns >0.9999 
    10-12-S-1 vs. 10-12-S-2 0.0427 -1.49 to 1.57 No ns >0.9999 
      
4 
     
    10-12 vs. 10-12-R-1 1.12 -0.413 to 2.64 No ns 0.3219 
    10-12 vs. 10-12-R-2 0.367 -1.16 to 1.9 No ns 0.9921 
    10-12 vs. 10-12-L-1 0.276 -1.25 to 1.8 No ns 0.9984 
    10-12 vs. 10-12-L-2 0.42 -1.11 to 1.95 No ns 0.9839 
    10-12 vs. 10-12-S-1 0.356 -1.17 to 1.88 No ns 0.9933 
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    10-12 vs. 10-12-S-2 0.437 -1.09 to 1.96 No ns 0.9803 
    10-12-R-1 vs. 10-12-R-2 -0.748 -2.28 to 0.78 No ns 0.7779 
    10-12-R-1 vs. 10-12-L-1 -0.839 -2.37 to 0.689 No ns 0.6689 
    10-12-R-1 vs. 10-12-L-2 -0.695 -2.22 to 0.833 No ns 0.8321 
    10-12-R-1 vs. 10-12-S-1 -0.759 -2.29 to 0.769 No ns 0.7654 
    10-12-R-1 vs. 10-12-S-2 -0.678 -2.21 to 0.85 No ns 0.8479 
    10-12-R-2 vs. 10-12-L-1 -0.0917 -1.62 to 1.44 No ns >0.9999 
    10-12-R-2 vs. 10-12-L-2 0.0527 -1.48 to 1.58 No ns >0.9999 
    10-12-R-2 vs. 10-12-S-1 -0.0113 -1.54 to 1.52 No ns >0.9999 
    10-12-R-2 vs. 10-12-S-2 0.0697 -1.46 to 1.6 No ns >0.9999 
    10-12-L-1 vs. 10-12-L-2 0.144 -1.38 to 1.67 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-1 0.0803 -1.45 to 1.61 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-2 0.161 -1.37 to 1.69 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-1 -0.064 -1.59 to 1.46 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-2 0.017 -1.51 to 1.54 No ns >0.9999 
    10-12-S-1 vs. 10-12-S-2 0.081 -1.45 to 1.61 No ns >0.9999 
      
5 
     
    10-12 vs. 10-12-S-2 -21.2 -20.4 to -17.3 Yes **** <0.0001 
    10-12 vs. 10-12-L-1 -21.1 -21 to -17.9 Yes **** <0.0001 
    10-12 vs. 10-12-S-1 -21.1 -22.6 to -19.5 Yes **** <0.0001 
    10-12 vs. 10-12-S-2 -20 -22.7 to -19.7 Yes **** <0.0001 
    10-12 vs. 10-12-L-2 -19.9 -22.6 to -19.6 Yes **** <0.0001 
    10-12 vs. 10-12-S-1 -19.8 -22.8 to -19.7 Yes **** <0.0001 
    10-12-R-1 vs. 10-12-R-2 -0.566 -2.09 to 0.962 No ns 0.9302 
    10-12-R-1 vs. 10-12-L-1 -2.21 -3.73 to -0.678 Yes *** 0.0004 
    10-12-R-1 vs. 10-12-L-2 -2.33 -3.85 to -0.797 Yes *** 0.0002 
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    10-12-R-1 vs. 10-12-S-1 -2.23 -3.76 to -0.704 Yes *** 0.0003 
    10-12-R-1 vs. 10-12-S-2 -2.37 -3.9 to -0.841 Yes *** 0.0001 
    10-12-R-2 vs. 10-12-L-1 -1.64 -3.17 to -0.112 Yes * 0.0261 
    10-12-R-2 vs. 10-12-L-2 -1.76 -3.29 to -0.231 Yes * 0.0123 
    10-12-R-2 vs. 10-12-S-1 -1.67 -3.19 to -0.138 Yes * 0.0222 
    10-12-R-2 vs. 10-12-S-2 -1.8 -3.33 to -0.275 Yes ** 0.0091 
    10-12-L-1 vs. 10-12-L-2 -0.119 -1.65 to 1.41 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-1 -0.0263 -1.55 to 1.5 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-2 -0.163 -1.69 to 1.36 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-1 0.0927 -1.44 to 1.62 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-2 -0.0443 -1.57 to 1.48 No ns >0.9999 
    10-12-S-1 vs. 10-12-S-2 -0.137 -1.66 to 1.39 No ns >0.9999 
      
6 
     
    10-12 vs. 10-12-L-1 -19.7 -19.4 to -16.4 Yes **** <0.0001 
    10-12 vs. 10-12-R-2 -19.4 -20.1 to -17 Yes **** <0.0001 
    10-12 vs. 10-12-S-2 -19 -21.2 to -18.2 Yes **** <0.0001 
    10-12 vs. 10-12-R-1 -18.9 -21.4 to -18.4 Yes **** <0.0001 
    10-12 vs. 10-12-L-2 -18.8 -21.3 to -18.3 Yes **** <0.0001 
    10-12 vs. 10-12-S-1 -18.8 -21.5 to -18.4 Yes **** <0.0001 
    10-12-R-1 vs. 10-12-R-2 -0.628 -2.16 to 0.9 No ns 0.8893 
    10-12-R-1 vs. 10-12-L-1 -1.82 -3.34 to -0.289 Yes ** 0.0083 
    10-12-R-1 vs. 10-12-L-2 -1.99 -3.51 to -0.457 Yes ** 0.0025 
    10-12-R-1 vs. 10-12-S-1 -1.91 -3.44 to -0.382 Yes ** 0.0043 
    10-12-R-1 vs. 10-12-S-2 -2.06 -3.59 to -0.536 Yes ** 0.0013 
    10-12-R-2 vs. 10-12-L-1 -1.19 -2.72 to 0.339 No ns 0.2465 
    10-12-R-2 vs. 10-12-L-2 -1.36 -2.88 to 0.171 No ns 0.1202 
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    10-12-R-2 vs. 10-12-S-1 -1.28 -2.81 to 0.246 No ns 0.1686 
    10-12-R-2 vs. 10-12-S-2 -1.44 -2.96 to 0.0926 No ns 0.0819 
    10-12-L-1 vs. 10-12-L-2 -0.168 -1.7 to 1.36 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-1 -0.0933 -1.62 to 1.43 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-2 -0.247 -1.77 to 1.28 No ns 0.9991 
    10-12-L-2 vs. 10-12-S-1 0.075 -1.45 to 1.6 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-2 -0.0783 -1.61 to 1.45 No ns >0.9999 
    10-12-S-1 vs. 10-12-S-2 -0.153 -1.68 to 1.37 No ns >0.9999 
      
7 
     
    10-12 vs. 10-12-L-1 -18.6 -18.5 to -15.4 Yes **** <0.0001 
    10-12 vs. 10-12-R-2 -18.5 -19.2 to -16.2 Yes **** <0.0001 
    10-12 vs. 10-12-S-2 -18.3 -20.1 to -17.1 Yes **** <0.0001 
    10-12 vs. 10-12-L-2 -18.1 -20.4 to -17.3 Yes **** <0.0001 
    10-12 vs. 10-12-S-1 -18 -20.3 to -17.2 Yes **** <0.0001 
    10-12 vs. 10-12-R-1 -17.9 -20.5 to -17.4 Yes **** <0.0001 
    10-12-R-1 vs. 10-12-R-2 -0.726 -2.25 to 0.802 No ns 0.8007 
    10-12-R-1 vs. 10-12-L-1 -1.63 -3.16 to -0.101 Yes * 0.0279 
    10-12-R-1 vs. 10-12-L-2 -1.86 -3.39 to -0.335 Yes ** 0.006 
    10-12-R-1 vs. 10-12-S-1 -1.78 -3.31 to -0.256 Yes * 0.0104 
    10-12-R-1 vs. 10-12-S-2 -1.99 -3.52 to -0.466 Yes ** 0.0023 
    10-12-R-2 vs. 10-12-L-1 -0.903 -2.43 to 0.625 No ns 0.587 
    10-12-R-2 vs. 10-12-L-2 -1.14 -2.66 to 0.392 No ns 0.2989 
    10-12-R-2 vs. 10-12-S-1 -1.06 -2.59 to 0.471 No ns 0.3885 
    10-12-R-2 vs. 10-12-S-2 -1.27 -2.8 to 0.261 No ns 0.1795 
    10-12-L-1 vs. 10-12-L-2 -0.234 -1.76 to 1.29 No ns 0.9994 
    10-12-L-1 vs. 10-12-S-1 -0.155 -1.68 to 1.37 No ns >0.9999 
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    10-12-L-1 vs. 10-12-S-2 -0.365 -1.89 to 1.16 No ns 0.9924 
    10-12-L-2 vs. 10-12-S-1 0.079 -1.45 to 1.61 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-2 -0.131 -1.66 to 1.4 No ns >0.9999 
    10-12-S-1 vs. 10-12-S-2 -0.21 -1.74 to 1.32 No ns 0.9997 
      
8 
     
    10-12 vs. 10-12-L-1 -17.8 -17.5 to -14.5 Yes **** <0.0001 
    10-12 vs. 10-12-R-2 -17.7 -18.5 to -15.4 Yes **** <0.0001 
    10-12 vs. 10-12-S-2 -17.7 -19.4 to -16.3 Yes **** <0.0001 
    10-12 vs. 10-12-L-2 -17.4 -19.6 to -16.6 Yes **** <0.0001 
    10-12 vs. 10-12-S-1 -17.3 -19.5 to -16.5 Yes **** <0.0001 
    10-12 vs. 10-12-L-1 -17.1 -19.8 to -16.8 Yes **** <0.0001 
    10-12-R-1 vs. 10-12-R-2 -0.925 -2.45 to 0.603 No ns 0.5572 
    10-12-R-1 vs. 10-12-L-1 -1.83 -3.36 to -0.303 Yes ** 0.0075 
    10-12-R-1 vs. 10-12-L-2 -2.08 -3.61 to -0.556 Yes ** 0.0011 
    10-12-R-1 vs. 10-12-S-1 -1.99 -3.52 to -0.46 Yes ** 0.0024 
    10-12-R-1 vs. 10-12-S-2 -2.28 -3.81 to -0.752 Yes *** 0.0002 
    10-12-R-2 vs. 10-12-L-1 -0.906 -2.43 to 0.622 No ns 0.5826 
    10-12-R-2 vs. 10-12-L-2 -1.16 -2.69 to 0.37 No ns 0.2761 
    10-12-R-2 vs. 10-12-S-1 -1.06 -2.59 to 0.465 No ns 0.3817 
    10-12-R-2 vs. 10-12-S-2 -1.36 -2.88 to 0.173 No ns 0.1213 
    10-12-L-1 vs. 10-12-L-2 -0.252 -1.78 to 1.28 No ns 0.999 
    10-12-L-1 vs. 10-12-S-1 -0.157 -1.68 to 1.37 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-2 -0.449 -1.98 to 1.08 No ns 0.9774 
    10-12-L-2 vs. 10-12-S-1 0.0953 -1.43 to 1.62 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-2 -0.197 -1.72 to 1.33 No ns 0.9998 
    10-12-S-1 vs. 10-12-S-2 -0.292 -1.82 to 1.24 No ns 0.9978 




     
    10-12 vs. 10-12-S-2 -17.1 -16.6 to -13.5 Yes **** <0.0001 
    10-12 vs. 10-12-R-1 -17 -17.7 to -14.6 Yes **** <0.0001 
    10-12 vs. 10-12-R-2 -16.9 -18.7 to -15.6 Yes **** <0.0001 
    10-12 vs. 10-12-S-2 -16.8 -18.9 to -15.9 Yes **** <0.0001 
    10-12 vs. 10-12-L-2 -16.7 -18.9 to -15.8 Yes **** <0.0001 
    10-12 vs. 10-12-S-1 -16.7 -19.2 to -16.1 Yes **** <0.0001 
    10-12-R-1 vs. 10-12-R-2 -1.1 -2.63 to 0.429 No ns 0.3401 
    10-12-R-1 vs. 10-12-L-1 -2.08 -3.61 to -0.551 Yes ** 0.0012 
    10-12-R-1 vs. 10-12-L-2 -2.36 -3.89 to -0.831 Yes *** 0.0001 
    10-12-R-1 vs. 10-12-S-1 -2.27 -3.79 to -0.739 Yes *** 0.0003 
    10-12-R-1 vs. 10-12-S-2 -2.61 -4.14 to -1.09 Yes **** <0.0001 
    10-12-R-2 vs. 10-12-L-1 -0.98 -2.51 to 0.548 No ns 0.4851 
    10-12-R-2 vs. 10-12-L-2 -1.26 -2.79 to 0.268 No ns 0.1851 
    10-12-R-2 vs. 10-12-S-1 -1.17 -2.7 to 0.36 No ns 0.2665 
    10-12-R-2 vs. 10-12-S-2 -1.52 -3.04 to 0.0126 No ns 0.0536 
    10-12-L-1 vs. 10-12-L-2 -0.28 -1.81 to 1.25 No ns 0.9982 
    10-12-L-1 vs. 10-12-S-1 -0.188 -1.72 to 1.34 No ns 0.9998 
    10-12-L-1 vs. 10-12-S-2 -0.535 -2.06 to 0.993 No ns 0.9464 
    10-12-L-2 vs. 10-12-S-1 0.092 -1.44 to 1.62 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-2 -0.255 -1.78 to 1.27 No ns 0.9989 
    10-12-S-1 vs. 10-12-S-2 -0.347 -1.88 to 1.18 No ns 0.9942 
      
10 
     
    10-12 vs. 10-12-L-1 -16.4 -15.4 to -12.3 Yes **** <0.0001 
    10-12 vs. 10-12-L-2 -16.4 -16.6 to -13.5 Yes **** <0.0001 
    10-12 vs. 10-12-S-1 -16.4 -18 to -14.9 Yes **** <0.0001 
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    10-12 vs. 10-12-R-2 -16.2 -18.3 to -15.2 Yes **** <0.0001 
    10-12 vs. 10-12-L-1 -16.1 -18.2 to -15.1 Yes **** <0.0001 
    10-12 vs. 10-12-R-1 -16 -18.6 to -15.5 Yes **** <0.0001 
    10-12-R-1 vs. 10-12-R-2 -1.19 -2.71 to 0.341 No ns 0.2481 
    10-12-R-1 vs. 10-12-L-1 -2.59 -4.11 to -1.06 Yes **** <0.0001 
    10-12-R-1 vs. 10-12-L-2 -2.87 -4.4 to -1.34 Yes **** <0.0001 
    10-12-R-1 vs. 10-12-S-1 -2.79 -4.32 to -1.26 Yes **** <0.0001 
    10-12-R-1 vs. 10-12-S-2 -3.19 -4.72 to -1.67 Yes **** <0.0001 
    10-12-R-2 vs. 10-12-L-1 -1.4 -2.93 to 0.128 No ns 0.0979 
    10-12-R-2 vs. 10-12-L-2 -1.68 -3.21 to -0.153 Yes * 0.0203 
    10-12-R-2 vs. 10-12-S-1 -1.6 -3.13 to -0.0767 Yes * 0.0322 
    10-12-R-2 vs. 10-12-S-2 -2.01 -3.53 to -0.479 Yes ** 0.0021 
    10-12-L-1 vs. 10-12-L-2 -0.281 -1.81 to 1.25 No ns 0.9982 
    10-12-L-1 vs. 10-12-S-1 -0.205 -1.73 to 1.32 No ns 0.9997 
    10-12-L-1 vs. 10-12-S-2 -0.607 -2.14 to 0.921 No ns 0.9045 
    10-12-L-2 vs. 10-12-S-1 0.0763 -1.45 to 1.6 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-2 -0.326 -1.85 to 1.2 No ns 0.9959 
    10-12-S-1 vs. 10-12-S-2 -0.402 -1.93 to 1.13 No ns 0.9872 
      
11 
     
    10-12 vs. 10-12-R-1 -15.1 -15 to -12 Yes **** <0.0001 
    10-12 vs. 10-12-R-2 -15 -16.2 to -13.1 Yes **** <0.0001 
    10-12 vs. 10-12-R-2 -14.7 -17.7 to -14.6 Yes **** <0.0001 
    10-12 vs. 10-12-R-1 -13.9 -17.9 to -14.9 Yes **** <0.0001 
    10-12 vs. 10-12-R-1 -13.5 -17.9 to -14.8 Yes **** <0.0001 
    10-12 vs. 10-12-L-1 -3.1 -18.3 to -15.3 Yes **** <0.0001 
    10-12-R-1 vs. 10-12-R-2 -1.16 -2.68 to 0.372 No ns 0.2781 
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    10-12-R-1 vs. 10-12-L-1 -2.63 -4.15 to -1.1 Yes **** <0.0001 
    10-12-R-1 vs. 10-12-L-2 -2.89 -4.42 to -1.37 Yes **** <0.0001 
    10-12-R-1 vs. 10-12-S-1 -2.85 -4.38 to -1.32 Yes **** <0.0001 
    10-12-R-1 vs. 10-12-S-2 -3.27 -4.8 to -1.74 Yes **** <0.0001 
    10-12-R-2 vs. 10-12-L-1 -1.47 -3 to 0.0589 No ns 0.0688 
    10-12-R-2 vs. 10-12-L-2 -1.74 -3.26 to -0.209 Yes * 0.0142 
    10-12-R-2 vs. 10-12-S-1 -1.7 -3.22 to -0.168 Yes * 0.0185 
    10-12-R-2 vs. 10-12-S-2 -2.12 -3.64 to -0.587 Yes *** 0.0009 
    10-12-L-1 vs. 10-12-L-2 -0.268 -1.8 to 1.26 No ns 0.9986 
    10-12-L-1 vs. 10-12-S-1 -0.227 -1.75 to 1.3 No ns 0.9995 
    10-12-L-1 vs. 10-12-S-2 -0.646 -2.17 to 0.882 No ns 0.8752 
    10-12-L-2 vs. 10-12-S-1 0.0413 -1.49 to 1.57 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-2 -0.378 -1.91 to 1.15 No ns 0.9907 
    10-12-S-1 vs. 10-12-S-2 -0.42 -1.95 to 1.11 No ns 0.984 
      
12 
     
    10-12 vs. 10-12-R-1 -1.53 -3.05 to 0.000924 No ns 0.0503 
    10-12 vs. 10-12-S-1 -3.06 -4.01 to -0.952 Yes **** <0.0001 
    10-12 vs. 10-12-L-2 -3.01 -4.62 to -1.57 Yes **** <0.0001 
    10-12 vs. 10-12-S-2 -2.96 -4.54 to -1.48 Yes **** <0.0001 
    10-12 vs. 10-12-R-2 -2.48 -4.59 to -1.53 Yes **** <0.0001 
    10-12 vs. 10-12-S-2 -2.36 -4.49 to -1.43 Yes **** <0.0001 
    10-12-R-1 vs. 10-12-R-2 -0.953 -2.48 to 0.575 No ns 0.5208 
    10-12-R-1 vs. 10-12-L-1 -1.57 -3.1 to -0.0417 Yes * 0.0395 
    10-12-R-1 vs. 10-12-L-2 -1.48 -3.01 to 0.0466 No ns 0.0644 
    10-12-R-1 vs. 10-12-S-1 -1.53 -3.06 to -0.00574 Yes * 0.0484 
    10-12-R-1 vs. 10-12-S-2 -1.43 -2.96 to 0.0963 No ns 0.0834 
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    10-12-R-2 vs. 10-12-L-1 -0.617 -2.14 to 0.911 No ns 0.8979 
    10-12-R-2 vs. 10-12-L-2 -0.528 -2.06 to 1 No ns 0.9495 
    10-12-R-2 vs. 10-12-S-1 -0.581 -2.11 to 0.947 No ns 0.9218 
    10-12-R-2 vs. 10-12-S-2 -0.479 -2.01 to 1.05 No ns 0.9688 
    10-12-L-1 vs. 10-12-L-2 0.0883 -1.44 to 1.62 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-1 0.036 -1.49 to 1.56 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-2 0.138 -1.39 to 1.67 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-1 -0.0523 -1.58 to 1.48 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-2 0.0497 -1.48 to 1.58 No ns >0.9999 
    10-12-S-1 vs. 10-12-S-2 0.102 -1.43 to 1.63 No ns >0.9999 
      
13 
     
    10-12 vs. 10-12-R-1 -0.829 -2.36 to 0.699 No ns 0.6819 
    10-12 vs. 10-12-L-1 -2.26 -3.15 to -0.0927 Yes * 0.0293 
    10-12 vs. 10-12-S-1 -2.16 -3.64 to -0.585 Yes *** 0.0009 
    10-12 vs. 10-12-L-1 -2.11 -3.25 to -0.194 Yes * 0.0156 
    10-12 vs. 10-12-L-2 -2.02 -3.45 to -0.394 Yes ** 0.004 
    10-12 vs. 10-12-R-2 -1.98 -3.49 to -0.431 Yes ** 0.003 
    10-12-R-1 vs. 10-12-R-2 -0.792 -2.32 to 0.736 No ns 0.7276 
    10-12-R-1 vs. 10-12-L-1 -1.28 -2.81 to 0.244 No ns 0.1671 
    10-12-R-1 vs. 10-12-L-2 -0.893 -2.42 to 0.635 No ns 0.5997 
    10-12-R-1 vs. 10-12-S-1 -1.09 -2.62 to 0.435 No ns 0.3469 
    10-12-R-1 vs. 10-12-S-2 -1.13 -2.66 to 0.398 No ns 0.3052 
    10-12-R-2 vs. 10-12-L-1 -0.492 -2.02 to 1.04 No ns 0.9641 
    10-12-R-2 vs. 10-12-L-2 -0.101 -1.63 to 1.43 No ns >0.9999 
    10-12-R-2 vs. 10-12-S-1 -0.301 -1.83 to 1.23 No ns 0.9973 
    10-12-R-2 vs. 10-12-S-2 -0.339 -1.87 to 1.19 No ns 0.9949 
157 
 
    10-12-L-1 vs. 10-12-L-2 0.391 -1.14 to 1.92 No ns 0.989 
    10-12-L-1 vs. 10-12-S-1 0.191 -1.34 to 1.72 No ns 0.9998 
    10-12-L-1 vs. 10-12-S-2 0.154 -1.37 to 1.68 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-1 -0.2 -1.73 to 1.33 No ns 0.9997 
    10-12-L-2 vs. 10-12-S-2 -0.237 -1.77 to 1.29 No ns 0.9993 
    10-12-S-1 vs. 10-12-S-2 -0.0377 -1.57 to 1.49 No ns >0.9999 
      
14 
     
    10-12 vs. 10-12-R-1 -1.28 -2.81 to 0.248 No ns 0.1703 
    10-12 vs. 10-12-S-2 -1.96 -3.51 to -0.45 Yes ** 0.0026 
    10-12 vs. 10-12-S-1 -1.92 -3.79 to -0.737 Yes *** 0.0003 
    10-12 vs. 10-12-L-2 -1.72 -3.54 to -0.487 Yes ** 0.002 
    10-12 vs. 10-12-S-2 -1.65 -3.69 to -0.636 Yes *** 0.0006 
    10-12 vs. 10-12-R-2 -1.62 -3.89 to -0.836 Yes *** 0.0001 
    10-12-R-1 vs. 10-12-R-2 -0.699 -2.23 to 0.829 No ns 0.8285 
    10-12-R-1 vs. 10-12-L-1 -0.985 -2.51 to 0.543 No ns 0.4791 
    10-12-R-1 vs. 10-12-L-2 -0.735 -2.26 to 0.793 No ns 0.7913 
    10-12-R-1 vs. 10-12-S-1 -0.884 -2.41 to 0.644 No ns 0.611 
    10-12-R-1 vs. 10-12-S-2 -1.08 -2.61 to 0.443 No ns 0.3562 
    10-12-R-2 vs. 10-12-L-1 -0.286 -1.81 to 1.24 No ns 0.998 
    10-12-R-2 vs. 10-12-L-2 -0.0367 -1.56 to 1.49 No ns >0.9999 
    10-12-R-2 vs. 10-12-S-1 -0.186 -1.71 to 1.34 No ns 0.9998 
    10-12-R-2 vs. 10-12-S-2 -0.386 -1.91 to 1.14 No ns 0.9897 
    10-12-L-1 vs. 10-12-L-2 0.25 -1.28 to 1.78 No ns 0.9991 
    10-12-L-1 vs. 10-12-S-1 0.101 -1.43 to 1.63 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-2 -0.0997 -1.63 to 1.43 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-1 -0.149 -1.68 to 1.38 No ns >0.9999 
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    10-12-L-2 vs. 10-12-S-2 -0.349 -1.88 to 1.18 No ns 0.994 
    10-12-S-1 vs. 10-12-S-2 -0.2 -1.73 to 1.33 No ns 0.9997 
      
15 
     
    10-12 vs. 10-12-R-1 -1.39 -2.92 to 0.14 No ns 0.1038 
    10-12 vs. 10-12-R-2 -1.59 -3.12 to -0.0651 Yes * 0.0345 
    10-12 vs. 10-12-L-1 -1.57 -3.1 to -0.0421 Yes * 0.0394 
    10-12 vs. 10-12-L-2 -1.51 -3.03 to 0.0226 No ns 0.0566 
    10-12 vs. 10-12-S-1 -1.56 -3.09 to -0.0351 Yes * 0.041 
    10-12-R-1 vs. 10-12-R-2 -0.205 -1.73 to 1.32 No ns 0.9997 
    10-12-R-1 vs. 10-12-L-1 -0.182 -1.71 to 1.35 No ns 0.9998 
    10-12-R-1 vs. 10-12-L-2 -0.118 -1.65 to 1.41 No ns >0.9999 
    10-12-R-1 vs. 10-12-S-1 -0.175 -1.7 to 1.35 No ns 0.9999 
    10-12-R-1 vs. 10-12-S-2 -0.266 -1.79 to 1.26 No ns 0.9987 
    10-12-R-2 vs. 10-12-L-1 0.023 -1.5 to 1.55 No ns >0.9999 
    10-12-R-2 vs. 10-12-L-2 0.0877 -1.44 to 1.62 No ns >0.9999 
    10-12-R-2 vs. 10-12-S-1 0.03 -1.5 to 1.56 No ns >0.9999 
    10-12-R-2 vs. 10-12-S-2 -0.0603 -1.59 to 1.47 No ns >0.9999 
    10-12-L-1 vs. 10-12-L-2 0.0647 -1.46 to 1.59 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-1 0.007 -1.52 to 1.53 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-2 -0.0833 -1.61 to 1.44 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-1 -0.0577 -1.59 to 1.47 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-2 -0.148 -1.68 to 1.38 No ns >0.9999 
    10-12-S-1 vs. 10-12-S-2 -0.0903 -1.62 to 1.44 No ns >0.9999 
      
16 
     
    10-12 vs. 10-12-R-1 -0.471 -2 to 1.06 No ns 0.9711 
    10-12 vs. 10-12-R-2 -0.505 -2.03 to 1.02 No ns 0.9595 
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    10-12 vs. 10-12-L-1 -0.46 -1.99 to 1.07 No ns 0.9744 
    10-12 vs. 10-12-L-2 -0.464 -1.99 to 1.06 No ns 0.9732 
    10-12 vs. 10-12-S-1 -0.488 -2.02 to 1.04 No ns 0.9658 
    10-12 vs. 10-12-S-2 -0.515 -2.04 to 1.01 No ns 0.9553 
    10-12-R-1 vs. 10-12-R-2 -0.0333 -1.56 to 1.49 No ns >0.9999 
    10-12-R-1 vs. 10-12-L-1 0.0113 -1.52 to 1.54 No ns >0.9999 
    10-12-R-1 vs. 10-12-L-2 0.007 -1.52 to 1.53 No ns >0.9999 
    10-12-R-1 vs. 10-12-S-1 -0.0163 -1.54 to 1.51 No ns >0.9999 
    10-12-R-1 vs. 10-12-S-2 -0.0437 -1.57 to 1.48 No ns >0.9999 
    10-12-R-2 vs. 10-12-L-1 0.0447 -1.48 to 1.57 No ns >0.9999 
    10-12-R-2 vs. 10-12-L-2 0.0403 -1.49 to 1.57 No ns >0.9999 
    10-12-R-2 vs. 10-12-S-1 0.017 -1.51 to 1.54 No ns >0.9999 
    10-12-R-2 vs. 10-12-S-2 -0.0103 -1.54 to 1.52 No ns >0.9999 
    10-12-L-1 vs. 10-12-L-2 -0.00433 -1.53 to 1.52 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-1 -0.0277 -1.56 to 1.5 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-2 -0.055 -1.58 to 1.47 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-1 -0.0233 -1.55 to 1.5 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-2 -0.0507 -1.58 to 1.48 No ns >0.9999 
    10-12-S-1 vs. 10-12-S-2 -0.0273 -1.56 to 1.5 No ns >0.9999 
      
17 
     
    10-12 vs. 10-12-R-1 -0.12 -1.65 to 1.41 No ns >0.9999 
    10-12 vs. 10-12-R-2 -0.11 -1.64 to 1.42 No ns >0.9999 
    10-12 vs. 10-12-L-1 -0.105 -1.63 to 1.42 No ns >0.9999 
    10-12 vs. 10-12-L-2 -0.11 -1.64 to 1.42 No ns >0.9999 
    10-12 vs. 10-12-S-1 -0.11 -1.64 to 1.42 No ns >0.9999 
    10-12 vs. 10-12-S-2 -0.142 -1.67 to 1.39 No ns >0.9999 
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    10-12-R-1 vs. 10-12-R-2 0.0107 -1.52 to 1.54 No ns >0.9999 
    10-12-R-1 vs. 10-12-L-1 0.0153 -1.51 to 1.54 No ns >0.9999 
    10-12-R-1 vs. 10-12-L-2 0.01 -1.52 to 1.54 No ns >0.9999 
    10-12-R-1 vs. 10-12-S-1 0.0103 -1.52 to 1.54 No ns >0.9999 
    10-12-R-1 vs. 10-12-S-2 -0.022 -1.55 to 1.51 No ns >0.9999 
    10-12-R-2 vs. 10-12-L-1 0.00467 -1.52 to 1.53 No ns >0.9999 
    10-12-R-2 vs. 10-12-L-2 -0.000667 -1.53 to 1.53 No ns >0.9999 
    10-12-R-2 vs. 10-12-S-1 -0.000333 -1.53 to 1.53 No ns >0.9999 
    10-12-R-2 vs. 10-12-S-2 -0.0327 -1.56 to 1.5 No ns >0.9999 
    10-12-L-1 vs. 10-12-L-2 -0.00533 -1.53 to 1.52 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-1 -0.005 -1.53 to 1.52 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-2 -0.0373 -1.57 to 1.49 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-1 0.000333 -1.53 to 1.53 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-2 -0.032 -1.56 to 1.5 No ns >0.9999 
    10-12-S-1 vs. 10-12-S-2 -0.0323 -1.56 to 1.5 No ns >0.9999 
      
18 
     
    10-12 vs. 10-12-R-1 -0.0683 -1.6 to 1.46 No ns >0.9999 
    10-12 vs. 10-12-R-2 -0.063 -1.59 to 1.46 No ns >0.9999 
    10-12 vs. 10-12-L-1 -0.0467 -1.57 to 1.48 No ns >0.9999 
    10-12 vs. 10-12-L-2 -0.0303 -1.56 to 1.5 No ns >0.9999 
    10-12 vs. 10-12-S-1 -0.0667 -1.59 to 1.46 No ns >0.9999 
    10-12 vs. 10-12-S-2 -0.057 -1.58 to 1.47 No ns >0.9999 
    10-12-R-1 vs. 10-12-R-2 0.00533 -1.52 to 1.53 No ns >0.9999 
    10-12-R-1 vs. 10-12-L-1 0.0217 -1.51 to 1.55 No ns >0.9999 
    10-12-R-1 vs. 10-12-L-2 0.038 -1.49 to 1.57 No ns >0.9999 
    10-12-R-1 vs. 10-12-S-1 0.00167 -1.53 to 1.53 No ns >0.9999 
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    10-12-R-1 vs. 10-12-S-2 0.0113 -1.52 to 1.54 No ns >0.9999 
    10-12-R-2 vs. 10-12-L-1 0.0163 -1.51 to 1.54 No ns >0.9999 
    10-12-R-2 vs. 10-12-L-2 0.0327 -1.5 to 1.56 No ns >0.9999 
    10-12-R-2 vs. 10-12-S-1 -0.00367 -1.53 to 1.52 No ns >0.9999 
    10-12-R-2 vs. 10-12-S-2 0.006 -1.52 to 1.53 No ns >0.9999 
    10-12-L-1 vs. 10-12-L-2 0.0163 -1.51 to 1.54 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-1 -0.02 -1.55 to 1.51 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-2 -0.0103 -1.54 to 1.52 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-1 -0.0363 -1.56 to 1.49 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-2 -0.0267 -1.55 to 1.5 No ns >0.9999 






APPENDIX B. TUKEY’S MULTIPLE COMPARISON STATISTICAL 
ANALYSIS ON SPEED  
Table B. 1. Tukey’s Test details for Combination 12-12 
Test details Mean 1 Mean 2 Mean Diff. SE of diff. N1 N2 q DF 
         
1 
       
    12-12 vs. 12-12-R-1 59.1 59.2 -0.0433 2.09 30 30 0.0294 3132 
    12-12 vs. 12-12-R-2 59.1 59.2 -0.0813 2.09 30 30 0.0552 3132 
    12-12 vs. 12-12-L-1 59.1 59 0.151 2.09 30 30 0.102 3132 
    12-12 vs. 12-12-L-2 59.1 59.2 -0.053 2.09 30 30 0.0359 3132 
    12-12 vs. 12-12-S-1 59.1 59.2 -0.0437 2.09 30 30 0.0296 3132 
    12-12 vs. 12-12-S-2 59.1 59.2 -0.064 2.09 30 30 0.0434 3132 
    12-12-R-1 vs. 12-12-R-2 59.2 59.2 -0.038 2.09 30 30 0.0258 3132 
    12-12-R-1 vs. 12-12-L-1 59.2 59 0.194 2.09 30 30 0.132 3132 
    12-12-R-1 vs. 12-12-L-2 59.2 59.2 -0.00967 2.09 30 30 0.00656 3132 
    12-12-R-1 vs. 12-12-S-1 59.2 59.2 -0.000333 2.09 30 30 0.000226 3132 
    12-12-R-1 vs. 12-12-S-2 59.2 59.2 -0.0207 2.09 30 30 0.014 3132 
    12-12-R-2 vs. 12-12-L-1 59.2 59 0.232 2.09 30 30 0.158 3132 
    12-12-R-2 vs. 12-12-L-2 59.2 59.2 0.0283 2.09 30 30 0.0192 3132 
    12-12-R-2 vs. 12-12-S-1 59.2 59.2 0.0377 2.09 30 30 0.0255 3132 
    12-12-R-2 vs. 12-12-S-2 59.2 59.2 0.0173 2.09 30 30 0.0118 3132 
    12-12-L-1 vs. 12-12-L-2 59 59.2 -0.204 2.09 30 30 0.138 3132 
    12-12-L-1 vs. 12-12-S-1 59 59.2 -0.195 2.09 30 30 0.132 3132 
    12-12-L-1 vs. 12-12-S-2 59 59.2 -0.215 2.09 30 30 0.146 3132 
    12-12-L-2 vs. 12-12-S-1 59.2 59.2 0.00933 2.09 30 30 0.00633 3132 
    12-12-L-2 vs. 12-12-S-2 59.2 59.2 -0.011 2.09 30 30 0.00746 3132 
    12-12-S-1 vs. 12-12-S-2 59.2 59.2 -0.0203 2.09 30 30 0.0138 3132 




       
    12-12 vs. 12-12-R-1 59.1 46.9 12.2 2.09 30 30 8.24 3132 
    12-12 vs. 12-12-R-2 59.1 50.6 8.47 2.09 30 30 5.74 3132 
    12-12 vs. 12-12-L-1 59.1 47.7 11.4 2.09 30 30 7.72 3132 
    12-12 vs. 12-12-L-2 59.1 48 11.1 2.09 30 30 7.5 3132 
    12-12 vs. 12-12-S-1 59.1 46.1 13 2.09 30 30 8.79 3132 
    12-12 vs. 12-12-S-2 59.1 50.4 8.73 2.09 30 30 5.92 3132 
    12-12-R-1 vs. 12-12-R-2 46.9 50.6 -3.68 2.09 30 30 2.5 3132 
    12-12-R-1 vs. 12-12-L-1 46.9 47.7 -0.772 2.09 30 30 0.524 3132 
    12-12-R-1 vs. 12-12-L-2 46.9 48 -1.09 2.09 30 30 0.742 3132 
    12-12-R-1 vs. 12-12-S-1 46.9 46.1 0.815 2.09 30 30 0.552 3132 
    12-12-R-1 vs. 12-12-S-2 46.9 50.4 -3.43 2.09 30 30 2.32 3132 
    12-12-R-2 vs. 12-12-L-1 50.6 47.7 2.91 2.09 30 30 1.97 3132 
    12-12-R-2 vs. 12-12-L-2 50.6 48 2.59 2.09 30 30 1.75 3132 
    12-12-R-2 vs. 12-12-S-1 50.6 46.1 4.5 2.09 30 30 3.05 3132 
    12-12-R-2 vs. 12-12-S-2 50.6 50.4 0.256 2.09 30 30 0.174 3132 
    12-12-L-1 vs. 12-12-L-2 47.7 48 -0.322 2.09 30 30 0.218 3132 
    12-12-L-1 vs. 12-12-S-1 47.7 46.1 1.59 2.09 30 30 1.08 3132 
    12-12-L-1 vs. 12-12-S-2 47.7 50.4 -2.65 2.09 30 30 1.8 3132 
    12-12-L-2 vs. 12-12-S-1 48 46.1 1.91 2.09 30 30 1.29 3132 
    12-12-L-2 vs. 12-12-S-2 48 50.4 -2.33 2.09 30 30 1.58 3132 
    12-12-S-1 vs. 12-12-S-2 46.1 50.4 -4.24 2.09 30 30 2.88 3132 
        
3 
       
    12-12 vs. 12-12-R-1 59 43.3 15.7 2.09 30 30 10.7 3132 
    12-12 vs. 12-12-R-2 59 47.7 11.3 2.09 30 30 7.65 3132 
    12-12 vs. 12-12-L-1 59 44.4 14.6 2.09 30 30 9.91 3132 
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    12-12 vs. 12-12-L-2 59 45 14 2.09 30 30 9.52 3132 
    12-12 vs. 12-12-S-1 59 42.8 16.2 2.09 30 30 11 3132 
    12-12 vs. 12-12-S-2 59 47.4 11.6 2.09 30 30 7.89 3132 
    12-12-R-1 vs. 12-12-R-2 43.3 47.7 -4.46 2.09 30 30 3.02 3132 
    12-12-R-1 vs. 12-12-L-1 43.3 44.4 -1.13 2.09 30 30 0.766 3132 
    12-12-R-1 vs. 12-12-L-2 43.3 45 -1.69 2.09 30 30 1.15 3132 
    12-12-R-1 vs. 12-12-S-1 43.3 42.8 0.505 2.09 30 30 0.342 3132 
    12-12-R-1 vs. 12-12-S-2 43.3 47.4 -4.1 2.09 30 30 2.78 3132 
    12-12-R-2 vs. 12-12-L-1 47.7 44.4 3.33 2.09 30 30 2.26 3132 
    12-12-R-2 vs. 12-12-L-2 47.7 45 2.76 2.09 30 30 1.87 3132 
    12-12-R-2 vs. 12-12-S-1 47.7 42.8 4.96 2.09 30 30 3.36 3132 
    12-12-R-2 vs. 12-12-S-2 47.7 47.4 0.354 2.09 30 30 0.24 3132 
    12-12-L-1 vs. 12-12-L-2 44.4 45 -0.565 2.09 30 30 0.383 3132 
    12-12-L-1 vs. 12-12-S-1 44.4 42.8 1.63 2.09 30 30 1.11 3132 
    12-12-L-1 vs. 12-12-S-2 44.4 47.4 -2.97 2.09 30 30 2.02 3132 
    12-12-L-2 vs. 12-12-S-1 45 42.8 2.2 2.09 30 30 1.49 3132 
    12-12-L-2 vs. 12-12-S-2 45 47.4 -2.41 2.09 30 30 1.63 3132 
    12-12-S-1 vs. 12-12-S-2 42.8 47.4 -4.61 2.09 30 30 3.12 3132 
        
4 
       
    12-12 vs. 12-12-R-1 58.9 40.5 18.4 2.09 30 30 12.5 3132 
    12-12 vs. 12-12-R-2 58.9 45.4 13.5 2.09 30 30 9.15 3132 
    12-12 vs. 12-12-L-1 58.9 41.6 17.2 2.09 30 30 11.7 3132 
    12-12 vs. 12-12-L-2 58.9 42.6 16.3 2.09 30 30 11.1 3132 
    12-12 vs. 12-12-S-1 58.9 40.3 18.6 2.09 30 30 12.6 3132 
    12-12 vs. 12-12-S-2 58.9 44.7 14.2 2.09 30 30 9.63 3132 
    12-12-R-1 vs. 12-12-R-2 40.5 45.4 -4.9 2.09 30 30 3.33 3132 
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    12-12-R-1 vs. 12-12-L-1 40.5 41.6 -1.15 2.09 30 30 0.782 3132 
    12-12-R-1 vs. 12-12-L-2 40.5 42.6 -2.08 2.09 30 30 1.41 3132 
    12-12-R-1 vs. 12-12-S-1 40.5 40.3 0.203 2.09 30 30 0.138 3132 
    12-12-R-1 vs. 12-12-S-2 40.5 44.7 -4.2 2.09 30 30 2.85 3132 
    12-12-R-2 vs. 12-12-L-1 45.4 41.6 3.75 2.09 30 30 2.54 3132 
    12-12-R-2 vs. 12-12-L-2 45.4 42.6 2.83 2.09 30 30 1.92 3132 
    12-12-R-2 vs. 12-12-S-1 45.4 40.3 5.11 2.09 30 30 3.46 3132 
    12-12-R-2 vs. 12-12-S-2 45.4 44.7 0.699 2.09 30 30 0.474 3132 
    12-12-L-1 vs. 12-12-L-2 41.6 42.6 -0.923 2.09 30 30 0.626 3132 
    12-12-L-1 vs. 12-12-S-1 41.6 40.3 1.36 2.09 30 30 0.92 3132 
    12-12-L-1 vs. 12-12-S-2 41.6 44.7 -3.05 2.09 30 30 2.07 3132 
    12-12-L-2 vs. 12-12-S-1 42.6 40.3 2.28 2.09 30 30 1.55 3132 
    12-12-L-2 vs. 12-12-S-2 42.6 44.7 -2.13 2.09 30 30 1.44 3132 
    12-12-S-1 vs. 12-12-S-2 40.3 44.7 -4.41 2.09 30 30 2.99 3132 
        
5 
       
    12-12 vs. 12-12-R-1 33 37.9 -4.86 2.09 30 30 3.3 3132 
    12-12 vs. 12-12-R-2 33 46.2 -13.2 2.09 30 30 8.97 3132 
    12-12 vs. 12-12-L-1 33 38.8 -5.8 2.09 30 30 3.93 3132 
    12-12 vs. 12-12-L-2 33 41.5 -8.49 2.09 30 30 5.75 3132 
    12-12 vs. 12-12-S-1 33 39.1 -6.08 2.09 30 30 4.12 3132 
    12-12 vs. 12-12-S-2 33 44.9 -11.9 2.09 30 30 8.06 3132 
    12-12-R-1 vs. 12-12-R-2 37.9 46.2 -8.36 2.09 30 30 5.67 3132 
    12-12-R-1 vs. 12-12-L-1 37.9 38.8 -0.933 2.09 30 30 0.633 3132 
    12-12-R-1 vs. 12-12-L-2 37.9 41.5 -3.62 2.09 30 30 2.46 3132 
    12-12-R-1 vs. 12-12-S-1 37.9 39.1 -1.22 2.09 30 30 0.826 3132 
    12-12-R-1 vs. 12-12-S-2 37.9 44.9 -7.02 2.09 30 30 4.76 3132 
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    12-12-R-2 vs. 12-12-L-1 46.2 38.8 7.43 2.09 30 30 5.04 3132 
    12-12-R-2 vs. 12-12-L-2 46.2 41.5 4.74 2.09 30 30 3.21 3132 
    12-12-R-2 vs. 12-12-S-1 46.2 39.1 7.14 2.09 30 30 4.85 3132 
    12-12-R-2 vs. 12-12-S-2 46.2 44.9 1.35 2.09 30 30 0.914 3132 
    12-12-L-1 vs. 12-12-L-2 38.8 41.5 -2.69 2.09 30 30 1.82 3132 
    12-12-L-1 vs. 12-12-S-1 38.8 39.1 -0.286 2.09 30 30 0.194 3132 
    12-12-L-1 vs. 12-12-S-2 38.8 44.9 -6.08 2.09 30 30 4.13 3132 
    12-12-L-2 vs. 12-12-S-1 41.5 39.1 2.4 2.09 30 30 1.63 3132 
    12-12-L-2 vs. 12-12-S-2 41.5 44.9 -3.39 2.09 30 30 2.3 3132 
    12-12-S-1 vs. 12-12-S-2 39.1 44.9 -5.8 2.09 30 30 3.93 3132 
        
6 
       
    12-12 vs. 12-12-R-1 32.6 36.6 -3.94 2.09 30 30 2.67 3132 
    12-12 vs. 12-12-R-2 32.6 45.4 -12.8 2.09 30 30 8.67 3132 
    12-12 vs. 12-12-L-1 32.6 37.6 -4.99 2.09 30 30 3.38 3132 
    12-12 vs. 12-12-L-2 32.6 40.2 -7.6 2.09 30 30 5.15 3132 
    12-12 vs. 12-12-S-1 32.6 37.6 -4.92 2.09 30 30 3.33 3132 
    12-12 vs. 12-12-S-2 32.6 43.6 -11 2.09 30 30 7.44 3132 
    12-12-R-1 vs. 12-12-R-2 36.6 45.4 -8.84 2.09 30 30 5.99 3132 
    12-12-R-1 vs. 12-12-L-1 36.6 37.6 -1.04 2.09 30 30 0.708 3132 
    12-12-R-1 vs. 12-12-L-2 36.6 40.2 -3.66 2.09 30 30 2.48 3132 
    12-12-R-1 vs. 12-12-S-1 36.6 37.6 -0.975 2.09 30 30 0.661 3132 
    12-12-R-1 vs. 12-12-S-2 36.6 43.6 -7.03 2.09 30 30 4.77 3132 
    12-12-R-2 vs. 12-12-L-1 45.4 37.6 7.79 2.09 30 30 5.28 3132 
    12-12-R-2 vs. 12-12-L-2 45.4 40.2 5.18 2.09 30 30 3.51 3132 
    12-12-R-2 vs. 12-12-S-1 45.4 37.6 7.86 2.09 30 30 5.33 3132 
    12-12-R-2 vs. 12-12-S-2 45.4 43.6 1.81 2.09 30 30 1.22 3132 
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    12-12-L-1 vs. 12-12-L-2 37.6 40.2 -2.61 2.09 30 30 1.77 3132 
    12-12-L-1 vs. 12-12-S-1 37.6 37.6 0.0697 2.09 30 30 0.0472 3132 
    12-12-L-1 vs. 12-12-S-2 37.6 43.6 -5.99 2.09 30 30 4.06 3132 
    12-12-L-2 vs. 12-12-S-1 40.2 37.6 2.68 2.09 30 30 1.82 3132 
    12-12-L-2 vs. 12-12-S-2 40.2 43.6 -3.37 2.09 30 30 2.29 3132 
    12-12-S-1 vs. 12-12-S-2 37.6 43.6 -6.06 2.09 30 30 4.11 3132 
        
7 
       
    12-12 vs. 12-12-R-1 32.1 35 -2.89 2.09 30 30 1.96 3132 
    12-12 vs. 12-12-R-2 32.1 44 -11.8 2.09 30 30 8.03 3132 
    12-12 vs. 12-12-L-1 32.1 36.1 -3.91 2.09 30 30 2.65 3132 
    12-12 vs. 12-12-L-2 32.1 38.7 -6.53 2.09 30 30 4.43 3132 
    12-12 vs. 12-12-S-1 32.1 35.6 -3.41 2.09 30 30 2.31 3132 
    12-12 vs. 12-12-S-2 32.1 42 -9.85 2.09 30 30 6.68 3132 
    12-12-R-1 vs. 12-12-R-2 35 44 -8.96 2.09 30 30 6.08 3132 
    12-12-R-1 vs. 12-12-L-1 35 36.1 -1.03 2.09 30 30 0.697 3132 
    12-12-R-1 vs. 12-12-L-2 35 38.7 -3.64 2.09 30 30 2.47 3132 
    12-12-R-1 vs. 12-12-S-1 35 35.6 -0.524 2.09 30 30 0.356 3132 
    12-12-R-1 vs. 12-12-S-2 35 42 -6.96 2.09 30 30 4.72 3132 
    12-12-R-2 vs. 12-12-L-1 44 36.1 7.93 2.09 30 30 5.38 3132 
    12-12-R-2 vs. 12-12-L-2 44 38.7 5.31 2.09 30 30 3.6 3132 
    12-12-R-2 vs. 12-12-S-1 44 35.6 8.43 2.09 30 30 5.72 3132 
    12-12-R-2 vs. 12-12-S-2 44 42 2 2.09 30 30 1.35 3132 
    12-12-L-1 vs. 12-12-L-2 36.1 38.7 -2.62 2.09 30 30 1.77 3132 
    12-12-L-1 vs. 12-12-S-1 36.1 35.6 0.504 2.09 30 30 0.342 3132 
    12-12-L-1 vs. 12-12-S-2 36.1 42 -5.93 2.09 30 30 4.02 3132 
    12-12-L-2 vs. 12-12-S-1 38.7 35.6 3.12 2.09 30 30 2.12 3132 
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    12-12-L-2 vs. 12-12-S-2 38.7 42 -3.32 2.09 30 30 2.25 3132 
    12-12-S-1 vs. 12-12-S-2 35.6 42 -6.44 2.09 30 30 4.36 3132 
        
8 
       
    12-12 vs. 12-12-R-1 32.2 33.2 -1.06 2.09 30 30 0.718 3132 
    12-12 vs. 12-12-R-2 32.2 42.5 -10.3 2.09 30 30 7 3132 
    12-12 vs. 12-12-L-1 32.2 34.5 -2.29 2.09 30 30 1.56 3132 
    12-12 vs. 12-12-L-2 32.2 37.3 -5.1 2.09 30 30 3.46 3132 
    12-12 vs. 12-12-S-1 32.2 33.7 -1.54 2.09 30 30 1.05 3132 
    12-12 vs. 12-12-S-2 32.2 40.5 -8.39 2.09 30 30 5.69 3132 
    12-12-R-1 vs. 12-12-R-2 33.2 42.5 -9.26 2.09 30 30 6.28 3132 
    12-12-R-1 vs. 12-12-L-1 33.2 34.5 -1.24 2.09 30 30 0.838 3132 
    12-12-R-1 vs. 12-12-L-2 33.2 37.3 -4.04 2.09 30 30 2.74 3132 
    12-12-R-1 vs. 12-12-S-1 33.2 33.7 -0.485 2.09 30 30 0.329 3132 
    12-12-R-1 vs. 12-12-S-2 33.2 40.5 -7.33 2.09 30 30 4.97 3132 
    12-12-R-2 vs. 12-12-L-1 42.5 34.5 8.03 2.09 30 30 5.44 3132 
    12-12-R-2 vs. 12-12-L-2 42.5 37.3 5.22 2.09 30 30 3.54 3132 
    12-12-R-2 vs. 12-12-S-1 42.5 33.7 8.78 2.09 30 30 5.95 3132 
    12-12-R-2 vs. 12-12-S-2 42.5 40.5 1.93 2.09 30 30 1.31 3132 
    12-12-L-1 vs. 12-12-L-2 34.5 37.3 -2.81 2.09 30 30 1.9 3132 
    12-12-L-1 vs. 12-12-S-1 34.5 33.7 0.75 2.09 30 30 0.509 3132 
    12-12-L-1 vs. 12-12-S-2 34.5 40.5 -6.1 2.09 30 30 4.14 3132 
    12-12-L-2 vs. 12-12-S-1 37.3 33.7 3.56 2.09 30 30 2.41 3132 
    12-12-L-2 vs. 12-12-S-2 37.3 40.5 -3.29 2.09 30 30 2.23 3132 
    12-12-S-1 vs. 12-12-S-2 33.7 40.5 -6.85 2.09 30 30 4.64 3132 
        
9 
       
    12-12 vs. 12-12-R-1 32.6 31.6 0.957 2.09 30 30 0.649 3132 
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    12-12 vs. 12-12-R-2 32.6 40.9 -8.36 2.09 30 30 5.67 3132 
    12-12 vs. 12-12-L-1 32.6 32.9 -0.32 2.09 30 30 0.217 3132 
    12-12 vs. 12-12-L-2 32.6 35.8 -3.22 2.09 30 30 2.19 3132 
    12-12 vs. 12-12-S-1 32.6 31.9 0.687 2.09 30 30 0.466 3132 
    12-12 vs. 12-12-S-2 32.6 39.1 -6.56 2.09 30 30 4.45 3132 
    12-12-R-1 vs. 12-12-R-2 31.6 40.9 -9.32 2.09 30 30 6.32 3132 
    12-12-R-1 vs. 12-12-L-1 31.6 32.9 -1.28 2.09 30 30 0.866 3132 
    12-12-R-1 vs. 12-12-L-2 31.6 35.8 -4.18 2.09 30 30 2.84 3132 
    12-12-R-1 vs. 12-12-S-1 31.6 31.9 -0.27 2.09 30 30 0.183 3132 
    12-12-R-1 vs. 12-12-S-2 31.6 39.1 -7.51 2.09 30 30 5.1 3132 
    12-12-R-2 vs. 12-12-L-1 40.9 32.9 8.04 2.09 30 30 5.45 3132 
    12-12-R-2 vs. 12-12-L-2 40.9 35.8 5.14 2.09 30 30 3.48 3132 
    12-12-R-2 vs. 12-12-S-1 40.9 31.9 9.05 2.09 30 30 6.13 3132 
    12-12-R-2 vs. 12-12-S-2 40.9 39.1 1.8 2.09 30 30 1.22 3132 
    12-12-L-1 vs. 12-12-L-2 32.9 35.8 -2.9 2.09 30 30 1.97 3132 
    12-12-L-1 vs. 12-12-S-1 32.9 31.9 1.01 2.09 30 30 0.683 3132 
    12-12-L-1 vs. 12-12-S-2 32.9 39.1 -6.24 2.09 30 30 4.23 3132 
    12-12-L-2 vs. 12-12-S-1 35.8 31.9 3.91 2.09 30 30 2.65 3132 
    12-12-L-2 vs. 12-12-S-2 35.8 39.1 -3.33 2.09 30 30 2.26 3132 
    12-12-S-1 vs. 12-12-S-2 31.9 39.1 -7.24 2.09 30 30 4.91 3132 
        
10 
       
    12-12 vs. 12-12-R-1 33.2 29.6 3.57 2.09 30 30 2.42 3132 
    12-12 vs. 12-12-R-2 33.2 39 -5.82 2.09 30 30 3.95 3132 
    12-12 vs. 12-12-L-1 33.2 31.1 2.06 2.09 30 30 1.4 3132 
    12-12 vs. 12-12-L-2 33.2 34.1 -0.901 2.09 30 30 0.611 3132 
    12-12 vs. 12-12-S-1 33.2 29.7 3.44 2.09 30 30 2.33 3132 
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    12-12 vs. 12-12-S-2 33.2 37.5 -4.29 2.09 30 30 2.91 3132 
    12-12-R-1 vs. 12-12-R-2 29.6 39 -9.39 2.09 30 30 6.37 3132 
    12-12-R-1 vs. 12-12-L-1 29.6 31.1 -1.51 2.09 30 30 1.02 3132 
    12-12-R-1 vs. 12-12-L-2 29.6 34.1 -4.47 2.09 30 30 3.03 3132 
    12-12-R-1 vs. 12-12-S-1 29.6 29.7 -0.125 2.09 30 30 0.085 3132 
    12-12-R-1 vs. 12-12-S-2 29.6 37.5 -7.85 2.09 30 30 5.33 3132 
    12-12-R-2 vs. 12-12-L-1 39 31.1 7.88 2.09 30 30 5.35 3132 
    12-12-R-2 vs. 12-12-L-2 39 34.1 4.92 2.09 30 30 3.34 3132 
    12-12-R-2 vs. 12-12-S-1 39 29.7 9.27 2.09 30 30 6.28 3132 
    12-12-R-2 vs. 12-12-S-2 39 37.5 1.54 2.09 30 30 1.04 3132 
    12-12-L-1 vs. 12-12-L-2 31.1 34.1 -2.96 2.09 30 30 2.01 3132 
    12-12-L-1 vs. 12-12-S-1 31.1 29.7 1.38 2.09 30 30 0.938 3132 
    12-12-L-1 vs. 12-12-S-2 31.1 37.5 -6.35 2.09 30 30 4.3 3132 
    12-12-L-2 vs. 12-12-S-1 34.1 29.7 4.34 2.09 30 30 2.95 3132 
    12-12-L-2 vs. 12-12-S-2 34.1 37.5 -3.39 2.09 30 30 2.3 3132 
    12-12-S-1 vs. 12-12-S-2 29.7 37.5 -7.73 2.09 30 30 5.24 3132 
        
11 
       
    12-12 vs. 12-12-R-1 34.1 27.8 6.25 2.09 30 30 4.24 3132 
    12-12 vs. 12-12-R-2 34.1 37.2 -3.19 2.09 30 30 2.16 3132 
    12-12 vs. 12-12-L-1 34.1 29.4 4.63 2.09 30 30 3.14 3132 
    12-12 vs. 12-12-L-2 34.1 32.4 1.61 2.09 30 30 1.09 3132 
    12-12 vs. 12-12-S-1 34.1 27.8 6.23 2.09 30 30 4.23 3132 
    12-12 vs. 12-12-S-2 34.1 35.9 -1.8 2.09 30 30 1.22 3132 
    12-12-R-1 vs. 12-12-R-2 27.8 37.2 -9.44 2.09 30 30 6.4 3132 
    12-12-R-1 vs. 12-12-L-1 27.8 29.4 -1.62 2.09 30 30 1.1 3132 
    12-12-R-1 vs. 12-12-L-2 27.8 32.4 -4.64 2.09 30 30 3.15 3132 
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    12-12-R-1 vs. 12-12-S-1 27.8 27.8 -0.0187 2.09 30 30 0.0127 3132 
    12-12-R-1 vs. 12-12-S-2 27.8 35.9 -8.05 2.09 30 30 5.46 3132 
    12-12-R-2 vs. 12-12-L-1 37.2 29.4 7.82 2.09 30 30 5.3 3132 
    12-12-R-2 vs. 12-12-L-2 37.2 32.4 4.8 2.09 30 30 3.25 3132 
    12-12-R-2 vs. 12-12-S-1 37.2 27.8 9.42 2.09 30 30 6.39 3132 
    12-12-R-2 vs. 12-12-S-2 37.2 35.9 1.39 2.09 30 30 0.942 3132 
    12-12-L-1 vs. 12-12-L-2 29.4 32.4 -3.02 2.09 30 30 2.05 3132 
    12-12-L-1 vs. 12-12-S-1 29.4 27.8 1.6 2.09 30 30 1.09 3132 
    12-12-L-1 vs. 12-12-S-2 29.4 35.9 -6.43 2.09 30 30 4.36 3132 
    12-12-L-2 vs. 12-12-S-1 32.4 27.8 4.62 2.09 30 30 3.13 3132 
    12-12-L-2 vs. 12-12-S-2 32.4 35.9 -3.41 2.09 30 30 2.31 3132 
    12-12-S-1 vs. 12-12-S-2 27.8 35.9 -8.03 2.09 30 30 5.45 3132 
        
12 
       
    12-12 vs. 12-12-R-1 55.1 35.3 19.8 2.09 30 30 13.4 3132 
    12-12 vs. 12-12-R-2 55.1 41 14.1 2.09 30 30 9.53 3132 
    12-12 vs. 12-12-L-1 55.1 36.7 18.4 2.09 30 30 12.5 3132 
    12-12 vs. 12-12-L-2 55.1 38.4 16.7 2.09 30 30 11.3 3132 
    12-12 vs. 12-12-S-1 55.1 35.4 19.7 2.09 30 30 13.4 3132 
    12-12 vs. 12-12-S-2 55.1 40.2 14.9 2.09 30 30 10.1 3132 
    12-12-R-1 vs. 12-12-R-2 35.3 41 -5.73 2.09 30 30 3.89 3132 
    12-12-R-1 vs. 12-12-L-1 35.3 36.7 -1.43 2.09 30 30 0.966 3132 
    12-12-R-1 vs. 12-12-L-2 35.3 38.4 -3.13 2.09 30 30 2.12 3132 
    12-12-R-1 vs. 12-12-S-1 35.3 35.4 -0.0817 2.09 30 30 0.0554 3132 
    12-12-R-1 vs. 12-12-S-2 35.3 40.2 -4.89 2.09 30 30 3.32 3132 
    12-12-R-2 vs. 12-12-L-1 41 36.7 4.3 2.09 30 30 2.92 3132 
    12-12-R-2 vs. 12-12-L-2 41 38.4 2.6 2.09 30 30 1.77 3132 
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    12-12-R-2 vs. 12-12-S-1 41 35.4 5.65 2.09 30 30 3.83 3132 
    12-12-R-2 vs. 12-12-S-2 41 40.2 0.836 2.09 30 30 0.567 3132 
    12-12-L-1 vs. 12-12-L-2 36.7 38.4 -1.7 2.09 30 30 1.15 3132 
    12-12-L-1 vs. 12-12-S-1 36.7 35.4 1.34 2.09 30 30 0.911 3132 
    12-12-L-1 vs. 12-12-S-2 36.7 40.2 -3.47 2.09 30 30 2.35 3132 
    12-12-L-2 vs. 12-12-S-1 38.4 35.4 3.04 2.09 30 30 2.06 3132 
    12-12-L-2 vs. 12-12-S-2 38.4 40.2 -1.77 2.09 30 30 1.2 3132 
    12-12-S-1 vs. 12-12-S-2 35.4 40.2 -4.81 2.09 30 30 3.26 3132 
        
13 
       
    12-12 vs. 12-12-R-1 55.3 37.2 18.1 2.09 30 30 12.3 3132 
    12-12 vs. 12-12-R-2 55.3 41.2 14.1 2.09 30 30 9.54 3132 
    12-12 vs. 12-12-L-1 55.3 38.4 16.9 2.09 30 30 11.5 3132 
    12-12 vs. 12-12-L-2 55.3 39.6 15.6 2.09 30 30 10.6 3132 
    12-12 vs. 12-12-S-1 55.3 37.4 17.8 2.09 30 30 12.1 3132 
    12-12 vs. 12-12-S-2 55.3 41.1 14.1 2.09 30 30 9.58 3132 
    12-12-R-1 vs. 12-12-R-2 37.2 41.2 -4.03 2.09 30 30 2.73 3132 
    12-12-R-1 vs. 12-12-L-1 37.2 38.4 -1.2 2.09 30 30 0.815 3132 
    12-12-R-1 vs. 12-12-L-2 37.2 39.6 -2.48 2.09 30 30 1.68 3132 
    12-12-R-1 vs. 12-12-S-1 37.2 37.4 -0.264 2.09 30 30 0.179 3132 
    12-12-R-1 vs. 12-12-S-2 37.2 41.1 -3.97 2.09 30 30 2.69 3132 
    12-12-R-2 vs. 12-12-L-1 41.2 38.4 2.83 2.09 30 30 1.92 3132 
    12-12-R-2 vs. 12-12-L-2 41.2 39.6 1.55 2.09 30 30 1.05 3132 
    12-12-R-2 vs. 12-12-S-1 41.2 37.4 3.77 2.09 30 30 2.56 3132 
    12-12-R-2 vs. 12-12-S-2 41.2 41.1 0.0673 2.09 30 30 0.0457 3132 
    12-12-L-1 vs. 12-12-L-2 38.4 39.6 -1.28 2.09 30 30 0.867 3132 
    12-12-L-1 vs. 12-12-S-1 38.4 37.4 0.937 2.09 30 30 0.636 3132 
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    12-12-L-1 vs. 12-12-S-2 38.4 41.1 -2.76 2.09 30 30 1.87 3132 
    12-12-L-2 vs. 12-12-S-1 39.6 37.4 2.22 2.09 30 30 1.5 3132 
    12-12-L-2 vs. 12-12-S-2 39.6 41.1 -1.49 2.09 30 30 1.01 3132 
    12-12-S-1 vs. 12-12-S-2 37.4 41.1 -3.7 2.09 30 30 2.51 3132 
        
14 
       
    12-12 vs. 12-12-R-1 55.4 40.6 14.7 2.09 30 30 9.99 3132 
    12-12 vs. 12-12-R-2 55.4 43.8 11.6 2.09 30 30 7.85 3132 
    12-12 vs. 12-12-L-1 55.4 41.5 13.9 2.09 30 30 9.44 3132 
    12-12 vs. 12-12-L-2 55.4 42.5 12.9 2.09 30 30 8.72 3132 
    12-12 vs. 12-12-S-1 55.4 40.8 14.6 2.09 30 30 9.91 3132 
    12-12 vs. 12-12-S-2 55.4 43.9 11.5 2.09 30 30 7.77 3132 
    12-12-R-1 vs. 12-12-R-2 40.6 43.8 -3.15 2.09 30 30 2.14 3132 
    12-12-R-1 vs. 12-12-L-1 40.6 41.5 -0.815 2.09 30 30 0.553 3132 
    12-12-R-1 vs. 12-12-L-2 40.6 42.5 -1.88 2.09 30 30 1.27 3132 
    12-12-R-1 vs. 12-12-S-1 40.6 40.8 -0.126 2.09 30 30 0.0852 3132 
    12-12-R-1 vs. 12-12-S-2 40.6 43.9 -3.27 2.09 30 30 2.22 3132 
    12-12-R-2 vs. 12-12-L-1 43.8 41.5 2.34 2.09 30 30 1.58 3132 
    12-12-R-2 vs. 12-12-L-2 43.8 42.5 1.28 2.09 30 30 0.865 3132 
    12-12-R-2 vs. 12-12-S-1 43.8 40.8 3.03 2.09 30 30 2.05 3132 
    12-12-R-2 vs. 12-12-S-2 43.8 43.9 -0.12 2.09 30 30 0.0812 3132 
    12-12-L-1 vs. 12-12-L-2 41.5 42.5 -1.06 2.09 30 30 0.72 3132 
    12-12-L-1 vs. 12-12-S-1 41.5 40.8 0.69 2.09 30 30 0.468 3132 
    12-12-L-1 vs. 12-12-S-2 41.5 43.9 -2.46 2.09 30 30 1.67 3132 
    12-12-L-2 vs. 12-12-S-1 42.5 40.8 1.75 2.09 30 30 1.19 3132 
    12-12-L-2 vs. 12-12-S-2 42.5 43.9 -1.4 2.09 30 30 0.946 3132 
    12-12-S-1 vs. 12-12-S-2 40.8 43.9 -3.15 2.09 30 30 2.13 3132 




       
    12-12 vs. 12-12-R-1 57.4 54 3.34 2.09 30 30 2.27 3132 
    12-12 vs. 12-12-R-2 57.4 55.1 2.33 2.09 30 30 1.58 3132 
    12-12 vs. 12-12-L-1 57.4 54.2 3.2 2.09 30 30 2.17 3132 
    12-12 vs. 12-12-L-2 57.4 54.5 2.85 2.09 30 30 1.93 3132 
    12-12 vs. 12-12-S-1 57.4 54.1 3.32 2.09 30 30 2.25 3132 
    12-12 vs. 12-12-S-2 57.4 55.1 2.34 2.09 30 30 1.59 3132 
    12-12-R-1 vs. 12-12-R-2 54 55.1 -1.02 2.09 30 30 0.689 3132 
    12-12-R-1 vs. 12-12-L-1 54 54.2 -0.138 2.09 30 30 0.0938 3132 
    12-12-R-1 vs. 12-12-L-2 54 54.5 -0.491 2.09 30 30 0.333 3132 
    12-12-R-1 vs. 12-12-S-1 54 54.1 -0.0223 2.09 30 30 0.0151 3132 
    12-12-R-1 vs. 12-12-S-2 54 55.1 -1 2.09 30 30 0.68 3132 
    12-12-R-2 vs. 12-12-L-1 55.1 54.2 0.877 2.09 30 30 0.595 3132 
    12-12-R-2 vs. 12-12-L-2 55.1 54.5 0.525 2.09 30 30 0.356 3132 
    12-12-R-2 vs. 12-12-S-1 55.1 54.1 0.993 2.09 30 30 0.673 3132 
    12-12-R-2 vs. 12-12-S-2 55.1 55.1 0.0123 2.09 30 30 0.00836 3132 
    12-12-L-1 vs. 12-12-L-2 54.2 54.5 -0.352 2.09 30 30 0.239 3132 
    12-12-L-1 vs. 12-12-S-1 54.2 54.1 0.116 2.09 30 30 0.0787 3132 
    12-12-L-1 vs. 12-12-S-2 54.2 55.1 -0.865 2.09 30 30 0.586 3132 
    12-12-L-2 vs. 12-12-S-1 54.5 54.1 0.468 2.09 30 30 0.318 3132 
    12-12-L-2 vs. 12-12-S-2 54.5 55.1 -0.512 2.09 30 30 0.347 3132 
    12-12-S-1 vs. 12-12-S-2 54.1 55.1 -0.981 2.09 30 30 0.665 3132 
        
16 
       
    12-12 vs. 12-12-R-1 58.7 58.8 -0.112 2.09 30 30 0.0757 3132 
    12-12 vs. 12-12-R-2 58.7 58.8 -0.179 2.09 30 30 0.121 3132 
    12-12 vs. 12-12-L-1 58.7 58.8 -0.112 2.09 30 30 0.076 3132 
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    12-12 vs. 12-12-L-2 58.7 58.8 -0.133 2.09 30 30 0.0902 3132 
    12-12 vs. 12-12-S-1 58.7 58.8 -0.105 2.09 30 30 0.0712 3132 
    12-12 vs. 12-12-S-2 58.7 58.9 -0.201 2.09 30 30 0.136 3132 
    12-12-R-1 vs. 12-12-R-2 58.8 58.8 -0.067 2.09 30 30 0.0454 3132 
    12-12-R-1 vs. 12-12-L-1 58.8 58.8 -0.000333 2.09 30 30 0.000226 3132 
    12-12-R-1 vs. 12-12-L-2 58.8 58.8 -0.0213 2.09 30 30 0.0145 3132 
    12-12-R-1 vs. 12-12-S-1 58.8 58.8 0.00667 2.09 30 30 0.00452 3132 
    12-12-R-1 vs. 12-12-S-2 58.8 58.9 -0.089 2.09 30 30 0.0604 3132 
    12-12-R-2 vs. 12-12-L-1 58.8 58.8 0.0667 2.09 30 30 0.0452 3132 
    12-12-R-2 vs. 12-12-L-2 58.8 58.8 0.0457 2.09 30 30 0.031 3132 
    12-12-R-2 vs. 12-12-S-1 58.8 58.8 0.0737 2.09 30 30 0.05 3132 
    12-12-R-2 vs. 12-12-S-2 58.8 58.9 -0.022 2.09 30 30 0.0149 3132 
    12-12-L-1 vs. 12-12-L-2 58.8 58.8 -0.021 2.09 30 30 0.0142 3132 
    12-12-L-1 vs. 12-12-S-1 58.8 58.8 0.007 2.09 30 30 0.00475 3132 
    12-12-L-1 vs. 12-12-S-2 58.8 58.9 -0.0887 2.09 30 30 0.0601 3132 
    12-12-L-2 vs. 12-12-S-1 58.8 58.8 0.028 2.09 30 30 0.019 3132 
    12-12-L-2 vs. 12-12-S-2 58.8 58.9 -0.0677 2.09 30 30 0.0459 3132 
    12-12-S-1 vs. 12-12-S-2 58.8 58.9 -0.0957 2.09 30 30 0.0649 3132 
        
17 
       
    12-12 vs. 12-12-R-1 59 59.2 -0.195 2.09 30 30 0.132 3132 
    12-12 vs. 12-12-R-2 59 59.2 -0.215 2.09 30 30 0.146 3132 
    12-12 vs. 12-12-L-1 59 59.2 -0.186 2.09 30 30 0.126 3132 
    12-12 vs. 12-12-L-2 59 59.2 -0.165 2.09 30 30 0.112 3132 
    12-12 vs. 12-12-S-1 59 59.2 -0.179 2.09 30 30 0.121 3132 
    12-12 vs. 12-12-S-2 59 59.2 -0.207 2.09 30 30 0.141 3132 
    12-12-R-1 vs. 12-12-R-2 59.2 59.2 -0.0203 2.09 30 30 0.0138 3132 
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    12-12-R-1 vs. 12-12-L-1 59.2 59.2 0.00867 2.09 30 30 0.00588 3132 
    12-12-R-1 vs. 12-12-L-2 59.2 59.2 0.03 2.09 30 30 0.0203 3132 
    12-12-R-1 vs. 12-12-S-1 59.2 59.2 0.016 2.09 30 30 0.0109 3132 
    12-12-R-1 vs. 12-12-S-2 59.2 59.2 -0.0123 2.09 30 30 0.00836 3132 
    12-12-R-2 vs. 12-12-L-1 59.2 59.2 0.029 2.09 30 30 0.0197 3132 
    12-12-R-2 vs. 12-12-L-2 59.2 59.2 0.0503 2.09 30 30 0.0341 3132 
    12-12-R-2 vs. 12-12-S-1 59.2 59.2 0.0363 2.09 30 30 0.0246 3132 
    12-12-R-2 vs. 12-12-S-2 59.2 59.2 0.008 2.09 30 30 0.00543 3132 
    12-12-L-1 vs. 12-12-L-2 59.2 59.2 0.0213 2.09 30 30 0.0145 3132 
    12-12-L-1 vs. 12-12-S-1 59.2 59.2 0.00733 2.09 30 30 0.00497 3132 
    12-12-L-1 vs. 12-12-S-2 59.2 59.2 -0.021 2.09 30 30 0.0142 3132 
    12-12-L-2 vs. 12-12-S-1 59.2 59.2 -0.014 2.09 30 30 0.00949 3132 
    12-12-L-2 vs. 12-12-S-2 59.2 59.2 -0.0423 2.09 30 30 0.0287 3132 
    12-12-S-1 vs. 12-12-S-2 59.2 59.2 -0.0283 2.09 30 30 0.0192 3132 
        
18 
       
    12-12 vs. 12-12-R-1 59.1 59.2 -0.108 2.09 30 30 0.0735 3132 
    12-12 vs. 12-12-R-2 59.1 59.2 -0.0903 2.09 30 30 0.0613 3132 
    12-12 vs. 12-12-L-1 59.1 59.2 -0.0877 2.09 30 30 0.0595 3132 
    12-12 vs. 12-12-L-2 59.1 59.2 -0.0913 2.09 30 30 0.0619 3132 
    12-12 vs. 12-12-S-1 59.1 59.2 -0.109 2.09 30 30 0.0741 3132 
    12-12 vs. 12-12-S-2 59.1 59.2 -0.0923 2.09 30 30 0.0626 3132 
    12-12-R-1 vs. 12-12-R-2 59.2 59.2 0.018 2.09 30 30 0.0122 3132 
    12-12-R-1 vs. 12-12-L-1 59.2 59.2 0.0207 2.09 30 30 0.014 3132 
    12-12-R-1 vs. 12-12-L-2 59.2 59.2 0.017 2.09 30 30 0.0115 3132 
    12-12-R-1 vs. 12-12-S-1 59.2 59.2 -0.001 2.09 30 30 0.000678 3132 
    12-12-R-1 vs. 12-12-S-2 59.2 59.2 0.016 2.09 30 30 0.0109 3132 
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    12-12-R-2 vs. 12-12-L-1 59.2 59.2 0.00267 2.09 30 30 0.00181 3132 
    12-12-R-2 vs. 12-12-L-2 59.2 59.2 -0.001 2.09 30 30 0.000678 3132 
    12-12-R-2 vs. 12-12-S-1 59.2 59.2 -0.019 2.09 30 30 0.0129 3132 
    12-12-R-2 vs. 12-12-S-2 59.2 59.2 -0.002 2.09 30 30 0.00136 3132 
    12-12-L-1 vs. 12-12-L-2 59.2 59.2 -0.00367 2.09 30 30 0.00249 3132 
    12-12-L-1 vs. 12-12-S-1 59.2 59.2 -0.0217 2.09 30 30 0.0147 3132 
    12-12-L-1 vs. 12-12-S-2 59.2 59.2 -0.00467 2.09 30 30 0.00316 3132 
    12-12-L-2 vs. 12-12-S-1 59.2 59.2 -0.018 2.09 30 30 0.0122 3132 
    12-12-L-2 vs. 12-12-S-2 59.2 59.2 -0.001 2.09 30 30 0.000678 3132 
    12-12-S-1 vs. 12-12-S-2 59.2 59.2 0.017 2.09 30 30 0.0115 3132 
 
Table B. 2. Tukey’s Test details for Combination 12-10 
Test details Mean 1 Mean 2 Mean Diff. SE of diff. N1 N2 q DF 
         
1 
       
    12-10 vs. 12-10-R-1 55.1 59.2 -4.14 2.08 30 30 2.82 3132 
    12-10 vs. 12-10-R-2 55.1 59.3 -4.16 2.08 30 30 2.83 3132 
    12-10 vs. 12-10-L-1 55.1 59.2 -4.09 2.08 30 30 2.78 3132 
    12-10 vs. 12-10-L-2 55.1 59.3 -4.16 2.08 30 30 2.83 3132 
    12-10 vs. 12-10-S-1 55.1 59.3 -4.15 2.08 30 30 2.82 3132 
    12-10 vs. 12-10-S-2 55.1 59.2 -4.14 2.08 30 30 2.81 3132 
    12-10-R-1 vs. 12-10-R-
2 59.2 59.3 -0.0173 2.08 30 30 0.0118 3132 
    12-10-R-1 vs. 12-10-L-1 59.2 59.2 0.051 2.08 30 30 0.0347 3132 
    12-10-R-1 vs. 12-10-L-2 59.2 59.3 -0.023 2.08 30 30 0.0157 3132 
    12-10-R-1 vs. 12-10-S-1 59.2 59.3 -0.0107 2.08 30 30 0.00726 3132 
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    12-10-R-1 vs. 12-10-S-2 59.2 59.2 0.00367 2.08 30 30 0.0025 3132 
    12-10-R-2 vs. 12-10-L-1 59.3 59.2 0.0683 2.08 30 30 0.0465 3132 
    12-10-R-2 vs. 12-10-L-2 59.3 59.3 -0.00567 2.08 30 30 0.00386 3132 
    12-10-R-2 vs. 12-10-S-1 59.3 59.3 0.00667 2.08 30 30 0.00454 3132 
    12-10-R-2 vs. 12-10-S-2 59.3 59.2 0.021 2.08 30 30 0.0143 3132 
    12-10-L-1 vs. 12-10-L-2 59.2 59.3 -0.074 2.08 30 30 0.0504 3132 
    12-10-L-1 vs. 12-10-S-1 59.2 59.3 -0.0617 2.08 30 30 0.042 3132 
    12-10-L-1 vs. 12-10-S-2 59.2 59.2 -0.0473 2.08 30 30 0.0322 3132 
    12-10-L-2 vs. 12-10-S-1 59.3 59.3 0.0123 2.08 30 30 0.00839 3132 
    12-10-L-2 vs. 12-10-S-2 59.3 59.2 0.0267 2.08 30 30 0.0181 3132 
    12-10-S-1 vs. 12-10-S-2 59.3 59.2 0.0143 2.08 30 30 0.00975 3132 
        
2 
       
    12-10 vs. 12-10-R-1 55.1 55.6 -0.574 2.08 30 30 0.39 3132 
    12-10 vs. 12-10-R-2 55.1 55.9 -0.8 2.08 30 30 0.544 3132 
    12-10 vs. 12-10-L-1 55.1 50.9 4.19 2.08 30 30 2.85 3132 
    12-10 vs. 12-10-L-2 55.1 57.5 -2.47 2.08 30 30 1.68 3132 
    12-10 vs. 12-10-S-1 55.1 57.9 -2.81 2.08 30 30 1.91 3132 
    12-10 vs. 12-10-S-2 55.1 55.2 -0.182 2.08 30 30 0.124 3132 
    12-10-R-1 vs. 12-10-R-
2 55.6 55.9 -0.226 2.08 30 30 0.154 3132 
    12-10-R-1 vs. 12-10-L-1 55.6 50.9 4.77 2.08 30 30 3.24 3132 
    12-10-R-1 vs. 12-10-L-2 55.6 57.5 -1.9 2.08 30 30 1.29 3132 
    12-10-R-1 vs. 12-10-S-1 55.6 57.9 -2.24 2.08 30 30 1.52 3132 
    12-10-R-1 vs. 12-10-S-2 55.6 55.2 0.392 2.08 30 30 0.267 3132 
    12-10-R-2 vs. 12-10-L-1 55.9 50.9 4.99 2.08 30 30 3.4 3132 
    12-10-R-2 vs. 12-10-L-2 55.9 57.5 -1.67 2.08 30 30 1.14 3132 
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    12-10-R-2 vs. 12-10-S-1 55.9 57.9 -2.01 2.08 30 30 1.37 3132 
    12-10-R-2 vs. 12-10-S-2 55.9 55.2 0.618 2.08 30 30 0.421 3132 
    12-10-L-1 vs. 12-10-L-2 50.9 57.5 -6.67 2.08 30 30 4.54 3132 
    12-10-L-1 vs. 12-10-S-1 50.9 57.9 -7.01 2.08 30 30 4.77 3132 
    12-10-L-1 vs. 12-10-S-2 50.9 55.2 -4.38 2.08 30 30 2.98 3132 
    12-10-L-2 vs. 12-10-S-1 57.5 57.9 -0.338 2.08 30 30 0.23 3132 
    12-10-L-2 vs. 12-10-S-2 57.5 55.2 2.29 2.08 30 30 1.56 3132 
    12-10-S-1 vs. 12-10-S-2 57.9 55.2 2.63 2.08 30 30 1.79 3132 
        
3 
       
    12-10 vs. 12-10-R-1 55 54.2 0.824 2.08 30 30 0.561 3132 
    12-10 vs. 12-10-R-2 55 54.5 0.463 2.08 30 30 0.315 3132 
    12-10 vs. 12-10-L-1 55 48.5 6.52 2.08 30 30 4.43 3132 
    12-10 vs. 12-10-L-2 55 56.9 -1.86 2.08 30 30 1.26 3132 
    12-10 vs. 12-10-S-1 55 57.4 -2.34 2.08 30 30 1.59 3132 
    12-10 vs. 12-10-S-2 55 54 0.974 2.08 30 30 0.663 3132 
    12-10-R-1 vs. 12-10-R-
2 54.2 54.5 -0.361 2.08 30 30 0.246 3132 
    12-10-R-1 vs. 12-10-L-1 54.2 48.5 5.69 2.08 30 30 3.87 3132 
    12-10-R-1 vs. 12-10-L-2 54.2 56.9 -2.68 2.08 30 30 1.83 3132 
    12-10-R-1 vs. 12-10-S-1 54.2 57.4 -3.17 2.08 30 30 2.16 3132 
    12-10-R-1 vs. 12-10-S-2 54.2 54 0.15 2.08 30 30 0.102 3132 
    12-10-R-2 vs. 12-10-L-1 54.5 48.5 6.05 2.08 30 30 4.12 3132 
    12-10-R-2 vs. 12-10-L-2 54.5 56.9 -2.32 2.08 30 30 1.58 3132 
    12-10-R-2 vs. 12-10-S-1 54.5 57.4 -2.81 2.08 30 30 1.91 3132 
    12-10-R-2 vs. 12-10-S-2 54.5 54 0.511 2.08 30 30 0.347 3132 
    12-10-L-1 vs. 12-10-L-2 48.5 56.9 -8.37 2.08 30 30 5.7 3132 
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    12-10-L-1 vs. 12-10-S-1 48.5 57.4 -8.86 2.08 30 30 6.03 3132 
    12-10-L-1 vs. 12-10-S-2 48.5 54 -5.54 2.08 30 30 3.77 3132 
    12-10-L-2 vs. 12-10-S-1 56.9 57.4 -0.485 2.08 30 30 0.33 3132 
    12-10-L-2 vs. 12-10-S-2 56.9 54 2.83 2.08 30 30 1.93 3132 
    12-10-S-1 vs. 12-10-S-2 57.4 54 3.32 2.08 30 30 2.26 3132 
        
4 
       
    12-10 vs. 12-10-R-1 54.9 52.7 2.18 2.08 30 30 1.48 3132 
    12-10 vs. 12-10-R-2 54.9 53.1 1.76 2.08 30 30 1.2 3132 
    12-10 vs. 12-10-L-1 54.9 46.5 8.33 2.08 30 30 5.67 3132 
    12-10 vs. 12-10-L-2 54.9 56 -1.09 2.08 30 30 0.739 3132 
    12-10 vs. 12-10-S-1 54.9 56.7 -1.8 2.08 30 30 1.23 3132 
    12-10 vs. 12-10-S-2 54.9 52.8 2.1 2.08 30 30 1.43 3132 
    12-10-R-1 vs. 12-10-R-
2 52.7 53.1 -0.417 2.08 30 30 0.284 3132 
    12-10-R-1 vs. 12-10-L-1 52.7 46.5 6.15 2.08 30 30 4.18 3132 
    12-10-R-1 vs. 12-10-L-2 52.7 56 -3.27 2.08 30 30 2.22 3132 
    12-10-R-1 vs. 12-10-S-1 52.7 56.7 -3.98 2.08 30 30 2.71 3132 
    12-10-R-1 vs. 12-10-S-2 52.7 52.8 -0.0767 2.08 30 30 0.0522 3132 
    12-10-R-2 vs. 12-10-L-1 53.1 46.5 6.57 2.08 30 30 4.47 3132 
    12-10-R-2 vs. 12-10-L-2 53.1 56 -2.85 2.08 30 30 1.94 3132 
    12-10-R-2 vs. 12-10-S-1 53.1 56.7 -3.56 2.08 30 30 2.43 3132 
    12-10-R-2 vs. 12-10-S-2 53.1 52.8 0.341 2.08 30 30 0.232 3132 
    12-10-L-1 vs. 12-10-L-2 46.5 56 -9.41 2.08 30 30 6.41 3132 
    12-10-L-1 vs. 12-10-S-1 46.5 56.7 -10.1 2.08 30 30 6.89 3132 
    12-10-L-1 vs. 12-10-S-2 46.5 52.8 -6.22 2.08 30 30 4.24 3132 
    12-10-L-2 vs. 12-10-S-1 56 56.7 -0.716 2.08 30 30 0.487 3132 
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    12-10-L-2 vs. 12-10-S-2 56 52.8 3.19 2.08 30 30 2.17 3132 
    12-10-S-1 vs. 12-10-S-2 56.7 52.8 3.91 2.08 30 30 2.66 3132 
        
5 
       
    12-10 vs. 12-10-R-1 31.7 53.2 -21.5 2.08 30 30 14.6 3132 
    12-10 vs. 12-10-R-2 31.7 54.1 -22.4 2.08 30 30 15.2 3132 
    12-10 vs. 12-10-L-1 31.7 47.1 -15.5 2.08 30 30 10.5 3132 
    12-10 vs. 12-10-L-2 31.7 58.4 -26.8 2.08 30 30 18.2 3132 
    12-10 vs. 12-10-S-1 31.7 59.1 -27.4 2.08 30 30 18.7 3132 
    12-10 vs. 12-10-S-2 31.7 56.3 -24.7 2.08 30 30 16.8 3132 
    12-10-R-1 vs. 12-10-R-
2 53.2 54.1 -0.872 2.08 30 30 0.593 3132 
    12-10-R-1 vs. 12-10-L-1 53.2 47.1 6.07 2.08 30 30 4.13 3132 
    12-10-R-1 vs. 12-10-L-2 53.2 58.4 -5.24 2.08 30 30 3.57 3132 
    12-10-R-1 vs. 12-10-S-1 53.2 59.1 -5.92 2.08 30 30 4.03 3132 
    12-10-R-1 vs. 12-10-S-2 53.2 56.3 -3.14 2.08 30 30 2.14 3132 
    12-10-R-2 vs. 12-10-L-1 54.1 47.1 6.94 2.08 30 30 4.72 3132 
    12-10-R-2 vs. 12-10-L-2 54.1 58.4 -4.37 2.08 30 30 2.97 3132 
    12-10-R-2 vs. 12-10-S-1 54.1 59.1 -5.05 2.08 30 30 3.44 3132 
    12-10-R-2 vs. 12-10-S-2 54.1 56.3 -2.27 2.08 30 30 1.55 3132 
    12-10-L-1 vs. 12-10-L-2 47.1 58.4 -11.3 2.08 30 30 7.7 3132 
    12-10-L-1 vs. 12-10-S-1 47.1 59.1 -12 2.08 30 30 8.16 3132 
    12-10-L-1 vs. 12-10-S-2 47.1 56.3 -9.21 2.08 30 30 6.27 3132 
    12-10-L-2 vs. 12-10-S-1 58.4 59.1 -0.68 2.08 30 30 0.463 3132 
    12-10-L-2 vs. 12-10-S-2 58.4 56.3 2.1 2.08 30 30 1.43 3132 
    12-10-S-1 vs. 12-10-S-2 59.1 56.3 2.78 2.08 30 30 1.89 3132 
        
6 
       
182 
 
    12-10 vs. 12-10-R-1 31.3 52.9 -21.5 2.08 30 30 14.6 3132 
    12-10 vs. 12-10-R-2 31.3 53.8 -22.5 2.08 30 30 15.3 3132 
    12-10 vs. 12-10-L-1 31.3 46.1 -14.7 2.08 30 30 10 3132 
    12-10 vs. 12-10-L-2 31.3 57.8 -26.4 2.08 30 30 18 3132 
    12-10 vs. 12-10-S-1 31.3 58.5 -27.2 2.08 30 30 18.5 3132 
    12-10 vs. 12-10-S-2 31.3 55.3 -23.9 2.08 30 30 16.3 3132 
    12-10-R-1 vs. 12-10-R-
2 52.9 53.8 -0.943 2.08 30 30 0.642 3132 
    12-10-R-1 vs. 12-10-L-1 52.9 46.1 6.79 2.08 30 30 4.62 3132 
    12-10-R-1 vs. 12-10-L-2 52.9 57.8 -4.93 2.08 30 30 3.36 3132 
    12-10-R-1 vs. 12-10-S-1 52.9 58.5 -5.64 2.08 30 30 3.84 3132 
    12-10-R-1 vs. 12-10-S-2 52.9 55.3 -2.42 2.08 30 30 1.65 3132 
    12-10-R-2 vs. 12-10-L-1 53.8 46.1 7.74 2.08 30 30 5.27 3132 
    12-10-R-2 vs. 12-10-L-2 53.8 57.8 -3.99 2.08 30 30 2.72 3132 
    12-10-R-2 vs. 12-10-S-1 53.8 58.5 -4.7 2.08 30 30 3.2 3132 
    12-10-R-2 vs. 12-10-S-2 53.8 55.3 -1.48 2.08 30 30 1.01 3132 
    12-10-L-1 vs. 12-10-L-2 46.1 57.8 -11.7 2.08 30 30 7.98 3132 
    12-10-L-1 vs. 12-10-S-1 46.1 58.5 -12.4 2.08 30 30 8.46 3132 
    12-10-L-1 vs. 12-10-S-2 46.1 55.3 -9.22 2.08 30 30 6.27 3132 
    12-10-L-2 vs. 12-10-S-1 57.8 58.5 -0.71 2.08 30 30 0.483 3132 
    12-10-L-2 vs. 12-10-S-2 57.8 55.3 2.51 2.08 30 30 1.71 3132 
    12-10-S-1 vs. 12-10-S-2 58.5 55.3 3.22 2.08 30 30 2.19 3132 
        
7 
       
    12-10 vs. 12-10-R-1 31 52.1 -21.1 2.08 30 30 14.4 3132 
    12-10 vs. 12-10-R-2 31 53.3 -22.2 2.08 30 30 15.1 3132 
    12-10 vs. 12-10-L-1 31 44.8 -13.8 2.08 30 30 9.38 3132 
183 
 
    12-10 vs. 12-10-L-2 31 57.2 -26.2 2.08 30 30 17.8 3132 
    12-10 vs. 12-10-S-1 31 58 -27 2.08 30 30 18.4 3132 
    12-10 vs. 12-10-S-2 31 54.3 -23.3 2.08 30 30 15.8 3132 
    12-10-R-1 vs. 12-10-R-
2 52.1 53.3 -1.14 2.08 30 30 0.779 3132 
    12-10-R-1 vs. 12-10-L-1 52.1 44.8 7.32 2.08 30 30 4.98 3132 
    12-10-R-1 vs. 12-10-L-2 52.1 57.2 -5.07 2.08 30 30 3.45 3132 
    12-10-R-1 vs. 12-10-S-1 52.1 58 -5.87 2.08 30 30 3.99 3132 
    12-10-R-1 vs. 12-10-S-2 52.1 54.3 -2.15 2.08 30 30 1.46 3132 
    12-10-R-2 vs. 12-10-L-1 53.3 44.8 8.46 2.08 30 30 5.76 3132 
    12-10-R-2 vs. 12-10-L-2 53.3 57.2 -3.93 2.08 30 30 2.67 3132 
    12-10-R-2 vs. 12-10-S-1 53.3 58 -4.72 2.08 30 30 3.21 3132 
    12-10-R-2 vs. 12-10-S-2 53.3 54.3 -1.01 2.08 30 30 0.685 3132 
    12-10-L-1 vs. 12-10-L-2 44.8 57.2 -12.4 2.08 30 30 8.43 3132 
    12-10-L-1 vs. 12-10-S-1 44.8 58 -13.2 2.08 30 30 8.97 3132 
    12-10-L-1 vs. 12-10-S-2 44.8 54.3 -9.47 2.08 30 30 6.44 3132 
    12-10-L-2 vs. 12-10-S-1 57.2 58 -0.798 2.08 30 30 0.543 3132 
    12-10-L-2 vs. 12-10-S-2 57.2 54.3 2.92 2.08 30 30 1.99 3132 
    12-10-S-1 vs. 12-10-S-2 58 54.3 3.72 2.08 30 30 2.53 3132 
        
8 
       
    12-10 vs. 12-10-R-1 31.2 51.2 -20 2.08 30 30 13.6 3132 
    12-10 vs. 12-10-R-2 31.2 52.7 -21.4 2.08 30 30 14.6 3132 
    12-10 vs. 12-10-L-1 31.2 43.7 -12.5 2.08 30 30 8.47 3132 
    12-10 vs. 12-10-L-2 31.2 56.8 -25.6 2.08 30 30 17.4 3132 
    12-10 vs. 12-10-S-1 31.2 57.7 -26.4 2.08 30 30 18 3132 
    12-10 vs. 12-10-S-2 31.2 53.4 -22.2 2.08 30 30 15.1 3132 
184 
 
    12-10-R-1 vs. 12-10-R-
2 51.2 52.7 -1.44 2.08 30 30 0.981 3132 
    12-10-R-1 vs. 12-10-L-1 51.2 43.7 7.54 2.08 30 30 5.13 3132 
    12-10-R-1 vs. 12-10-L-2 51.2 56.8 -5.61 2.08 30 30 3.82 3132 
    12-10-R-1 vs. 12-10-S-1 51.2 57.7 -6.45 2.08 30 30 4.39 3132 
    12-10-R-1 vs. 12-10-S-2 51.2 53.4 -2.21 2.08 30 30 1.5 3132 
    12-10-R-2 vs. 12-10-L-1 52.7 43.7 8.98 2.08 30 30 6.11 3132 
    12-10-R-2 vs. 12-10-L-2 52.7 56.8 -4.17 2.08 30 30 2.84 3132 
    12-10-R-2 vs. 12-10-S-1 52.7 57.7 -5.01 2.08 30 30 3.41 3132 
    12-10-R-2 vs. 12-10-S-2 52.7 53.4 -0.767 2.08 30 30 0.522 3132 
    12-10-L-1 vs. 12-10-L-2 43.7 56.8 -13.2 2.08 30 30 8.95 3132 
    12-10-L-1 vs. 12-10-S-1 43.7 57.7 -14 2.08 30 30 9.52 3132 
    12-10-L-1 vs. 12-10-S-2 43.7 53.4 -9.75 2.08 30 30 6.64 3132 
    12-10-L-2 vs. 12-10-S-1 56.8 57.7 -0.84 2.08 30 30 0.571 3132 
    12-10-L-2 vs. 12-10-S-2 56.8 53.4 3.4 2.08 30 30 2.31 3132 
    12-10-S-1 vs. 12-10-S-2 57.7 53.4 4.24 2.08 30 30 2.89 3132 
        
9 
       
    12-10 vs. 12-10-R-1 31.7 50.5 -18.9 2.08 30 30 12.9 3132 
    12-10 vs. 12-10-R-2 31.7 52.1 -20.4 2.08 30 30 13.9 3132 
    12-10 vs. 12-10-L-1 31.7 42.5 -10.9 2.08 30 30 7.41 3132 
    12-10 vs. 12-10-L-2 31.7 56.5 -24.9 2.08 30 30 16.9 3132 
    12-10 vs. 12-10-S-1 31.7 57.4 -25.8 2.08 30 30 17.5 3132 
    12-10 vs. 12-10-S-2 31.7 52.6 -21 2.08 30 30 14.3 3132 
    12-10-R-1 vs. 12-10-R-
2 50.5 52.1 -1.54 2.08 30 30 1.05 3132 
    12-10-R-1 vs. 12-10-L-1 50.5 42.5 8.01 2.08 30 30 5.45 3132 
185 
 
    12-10-R-1 vs. 12-10-L-2 50.5 56.5 -5.95 2.08 30 30 4.05 3132 
    12-10-R-1 vs. 12-10-S-1 50.5 57.4 -6.87 2.08 30 30 4.68 3132 
    12-10-R-1 vs. 12-10-S-2 50.5 52.6 -2.08 2.08 30 30 1.41 3132 
    12-10-R-2 vs. 12-10-L-1 52.1 42.5 9.55 2.08 30 30 6.5 3132 
    12-10-R-2 vs. 12-10-L-2 52.1 56.5 -4.41 2.08 30 30 3 3132 
    12-10-R-2 vs. 12-10-S-1 52.1 57.4 -5.33 2.08 30 30 3.63 3132 
    12-10-R-2 vs. 12-10-S-2 52.1 52.6 -0.538 2.08 30 30 0.366 3132 
    12-10-L-1 vs. 12-10-L-2 42.5 56.5 -14 2.08 30 30 9.5 3132 
    12-10-L-1 vs. 12-10-S-1 42.5 57.4 -14.9 2.08 30 30 10.1 3132 
    12-10-L-1 vs. 12-10-S-2 42.5 52.6 -10.1 2.08 30 30 6.86 3132 
    12-10-L-2 vs. 12-10-S-1 56.5 57.4 -0.92 2.08 30 30 0.626 3132 
    12-10-L-2 vs. 12-10-S-2 56.5 52.6 3.87 2.08 30 30 2.64 3132 
    12-10-S-1 vs. 12-10-S-2 57.4 52.6 4.79 2.08 30 30 3.26 3132 
        
10 
       
    12-10 vs. 12-10-R-1 32.3 49.5 -17.2 2.08 30 30 11.7 3132 
    12-10 vs. 12-10-R-2 32.3 51.1 -18.7 2.08 30 30 12.8 3132 
    12-10 vs. 12-10-L-1 32.3 41.3 -8.94 2.08 30 30 6.09 3132 
    12-10 vs. 12-10-L-2 32.3 56.1 -23.8 2.08 30 30 16.2 3132 
    12-10 vs. 12-10-S-1 32.3 57.1 -24.8 2.08 30 30 16.9 3132 
    12-10 vs. 12-10-S-2 32.3 51.7 -19.4 2.08 30 30 13.2 3132 
    12-10-R-1 vs. 12-10-R-
2 49.5 51.1 -1.56 2.08 30 30 1.06 3132 
    12-10-R-1 vs. 12-10-L-1 49.5 41.3 8.24 2.08 30 30 5.6 3132 
    12-10-R-1 vs. 12-10-L-2 49.5 56.1 -6.63 2.08 30 30 4.51 3132 
    12-10-R-1 vs. 12-10-S-1 49.5 57.1 -7.6 2.08 30 30 5.17 3132 
    12-10-R-1 vs. 12-10-S-2 49.5 51.7 -2.23 2.08 30 30 1.52 3132 
186 
 
    12-10-R-2 vs. 12-10-L-1 51.1 41.3 9.8 2.08 30 30 6.67 3132 
    12-10-R-2 vs. 12-10-L-2 51.1 56.1 -5.07 2.08 30 30 3.45 3132 
    12-10-R-2 vs. 12-10-S-1 51.1 57.1 -6.04 2.08 30 30 4.11 3132 
    12-10-R-2 vs. 12-10-S-2 51.1 51.7 -0.668 2.08 30 30 0.455 3132 
    12-10-L-1 vs. 12-10-L-2 41.3 56.1 -14.9 2.08 30 30 10.1 3132 
    12-10-L-1 vs. 12-10-S-1 41.3 57.1 -15.8 2.08 30 30 10.8 3132 
    12-10-L-1 vs. 12-10-S-2 41.3 51.7 -10.5 2.08 30 30 7.12 3132 
    12-10-L-2 vs. 12-10-S-1 56.1 57.1 -0.974 2.08 30 30 0.663 3132 
    12-10-L-2 vs. 12-10-S-2 56.1 51.7 4.4 2.08 30 30 3 3132 
    12-10-S-1 vs. 12-10-S-2 57.1 51.7 5.38 2.08 30 30 3.66 3132 
        
11 
       
    12-10 vs. 12-10-R-1 32.9 48.4 -15.5 2.08 30 30 10.6 3132 
    12-10 vs. 12-10-R-2 32.9 50 -17.1 2.08 30 30 11.7 3132 
    12-10 vs. 12-10-L-1 32.9 40 -7.1 2.08 30 30 4.83 3132 
    12-10 vs. 12-10-L-2 32.9 55.6 -22.7 2.08 30 30 15.5 3132 
    12-10 vs. 12-10-S-1 32.9 56.7 -23.8 2.08 30 30 16.2 3132 
    12-10 vs. 12-10-S-2 32.9 50.9 -18 2.08 30 30 12.2 3132 
    12-10-R-1 vs. 12-10-R-
2 48.4 50 -1.58 2.08 30 30 1.08 3132 
    12-10-R-1 vs. 12-10-L-1 48.4 40 8.44 2.08 30 30 5.75 3132 
    12-10-R-1 vs. 12-10-L-2 48.4 55.6 -7.17 2.08 30 30 4.88 3132 
    12-10-R-1 vs. 12-10-S-1 48.4 56.7 -8.22 2.08 30 30 5.6 3132 
    12-10-R-1 vs. 12-10-S-2 48.4 50.9 -2.43 2.08 30 30 1.65 3132 
    12-10-R-2 vs. 12-10-L-1 50 40 10 2.08 30 30 6.82 3132 
    12-10-R-2 vs. 12-10-L-2 50 55.6 -5.59 2.08 30 30 3.81 3132 
    12-10-R-2 vs. 12-10-S-1 50 56.7 -6.64 2.08 30 30 4.52 3132 
187 
 
    12-10-R-2 vs. 12-10-S-2 50 50.9 -0.849 2.08 30 30 0.578 3132 
    12-10-L-1 vs. 12-10-L-2 40 55.6 -15.6 2.08 30 30 10.6 3132 
    12-10-L-1 vs. 12-10-S-1 40 56.7 -16.7 2.08 30 30 11.3 3132 
    12-10-L-1 vs. 12-10-S-2 40 50.9 -10.9 2.08 30 30 7.4 3132 
    12-10-L-2 vs. 12-10-S-1 55.6 56.7 -1.05 2.08 30 30 0.714 3132 
    12-10-L-2 vs. 12-10-S-2 55.6 50.9 4.74 2.08 30 30 3.23 3132 
    12-10-S-1 vs. 12-10-S-2 56.7 50.9 5.79 2.08 30 30 3.94 3132 
        
12 
       
    12-10 vs. 12-10-R-1 51.7 50.1 1.59 2.08 30 30 1.08 3132 
    12-10 vs. 12-10-R-2 51.7 51 0.743 2.08 30 30 0.506 3132 
    12-10 vs. 12-10-L-1 51.7 43.4 8.26 2.08 30 30 5.62 3132 
    12-10 vs. 12-10-L-2 51.7 54.7 -2.99 2.08 30 30 2.04 3132 
    12-10 vs. 12-10-S-1 51.7 55.6 -3.93 2.08 30 30 2.68 3132 
    12-10 vs. 12-10-S-2 51.7 50.9 0.791 2.08 30 30 0.538 3132 
    12-10-R-1 vs. 12-10-R-
2 50.1 51 -0.849 2.08 30 30 0.578 3132 
    12-10-R-1 vs. 12-10-L-1 50.1 43.4 6.67 2.08 30 30 4.54 3132 
    12-10-R-1 vs. 12-10-L-2 50.1 54.7 -4.58 2.08 30 30 3.12 3132 
    12-10-R-1 vs. 12-10-S-1 50.1 55.6 -5.52 2.08 30 30 3.76 3132 
    12-10-R-1 vs. 12-10-S-2 50.1 50.9 -0.802 2.08 30 30 0.546 3132 
    12-10-R-2 vs. 12-10-L-1 51 43.4 7.52 2.08 30 30 5.11 3132 
    12-10-R-2 vs. 12-10-L-2 51 54.7 -3.73 2.08 30 30 2.54 3132 
    12-10-R-2 vs. 12-10-S-1 51 55.6 -4.68 2.08 30 30 3.18 3132 
    12-10-R-2 vs. 12-10-S-2 51 50.9 0.0473 2.08 30 30 0.0322 3132 
    12-10-L-1 vs. 12-10-L-2 43.4 54.7 -11.3 2.08 30 30 7.66 3132 
    12-10-L-1 vs. 12-10-S-1 43.4 55.6 -12.2 2.08 30 30 8.3 3132 
188 
 
    12-10-L-1 vs. 12-10-S-2 43.4 50.9 -7.47 2.08 30 30 5.08 3132 
    12-10-L-2 vs. 12-10-S-1 54.7 55.6 -0.94 2.08 30 30 0.64 3132 
    12-10-L-2 vs. 12-10-S-2 54.7 50.9 3.78 2.08 30 30 2.57 3132 
    12-10-S-1 vs. 12-10-S-2 55.6 50.9 4.72 2.08 30 30 3.21 3132 
        
13 
       
    12-10 vs. 12-10-R-1 51.8 49.8 2.03 2.08 30 30 1.38 3132 
    12-10 vs. 12-10-R-2 51.8 50.5 1.33 2.08 30 30 0.903 3132 
    12-10 vs. 12-10-L-1 51.8 43.9 7.94 2.08 30 30 5.4 3132 
    12-10 vs. 12-10-L-2 51.8 53.6 -1.81 2.08 30 30 1.23 3132 
    12-10 vs. 12-10-S-1 51.8 54.4 -2.57 2.08 30 30 1.75 3132 
    12-10 vs. 12-10-S-2 51.8 50.3 1.53 2.08 30 30 1.04 3132 
    12-10-R-1 vs. 12-10-R-
2 49.8 50.5 -0.708 2.08 30 30 0.482 3132 
    12-10-R-1 vs. 12-10-L-1 49.8 43.9 5.91 2.08 30 30 4.02 3132 
    12-10-R-1 vs. 12-10-L-2 49.8 53.6 -3.84 2.08 30 30 2.61 3132 
    12-10-R-1 vs. 12-10-S-1 49.8 54.4 -4.6 2.08 30 30 3.13 3132 
    12-10-R-1 vs. 12-10-S-2 49.8 50.3 -0.501 2.08 30 30 0.341 3132 
    12-10-R-2 vs. 12-10-L-1 50.5 43.9 6.62 2.08 30 30 4.5 3132 
    12-10-R-2 vs. 12-10-L-2 50.5 53.6 -3.13 2.08 30 30 2.13 3132 
    12-10-R-2 vs. 12-10-S-1 50.5 54.4 -3.9 2.08 30 30 2.65 3132 
    12-10-R-2 vs. 12-10-S-2 50.5 50.3 0.207 2.08 30 30 0.141 3132 
    12-10-L-1 vs. 12-10-L-2 43.9 53.6 -9.75 2.08 30 30 6.63 3132 
    12-10-L-1 vs. 12-10-S-1 43.9 54.4 -10.5 2.08 30 30 7.15 3132 
    12-10-L-1 vs. 12-10-S-2 43.9 50.3 -6.41 2.08 30 30 4.36 3132 
    12-10-L-2 vs. 12-10-S-1 53.6 54.4 -0.763 2.08 30 30 0.519 3132 
    12-10-L-2 vs. 12-10-S-2 53.6 50.3 3.34 2.08 30 30 2.27 3132 
189 
 
    12-10-S-1 vs. 12-10-S-2 54.4 50.3 4.1 2.08 30 30 2.79 3132 
        
14 
       
    12-10 vs. 12-10-R-1 52 50.8 1.18 2.08 30 30 0.802 3132 
    12-10 vs. 12-10-R-2 52 51.6 0.377 2.08 30 30 0.257 3132 
    12-10 vs. 12-10-L-1 52 46.2 5.86 2.08 30 30 3.99 3132 
    12-10 vs. 12-10-L-2 52 54.1 -2.12 2.08 30 30 1.45 3132 
    12-10 vs. 12-10-S-1 52 54.8 -2.83 2.08 30 30 1.92 3132 
    12-10 vs. 12-10-S-2 52 51.5 0.484 2.08 30 30 0.329 3132 
    12-10-R-1 vs. 12-10-R-
2 50.8 51.6 -0.802 2.08 30 30 0.546 3132 
    12-10-R-1 vs. 12-10-L-1 50.8 46.2 4.68 2.08 30 30 3.18 3132 
    12-10-R-1 vs. 12-10-L-2 50.8 54.1 -3.3 2.08 30 30 2.25 3132 
    12-10-R-1 vs. 12-10-S-1 50.8 54.8 -4.01 2.08 30 30 2.73 3132 
    12-10-R-1 vs. 12-10-S-2 50.8 51.5 -0.695 2.08 30 30 0.473 3132 
    12-10-R-2 vs. 12-10-L-1 51.6 46.2 5.48 2.08 30 30 3.73 3132 
    12-10-R-2 vs. 12-10-L-2 51.6 54.1 -2.5 2.08 30 30 1.7 3132 
    12-10-R-2 vs. 12-10-S-1 51.6 54.8 -3.2 2.08 30 30 2.18 3132 
    12-10-R-2 vs. 12-10-S-2 51.6 51.5 0.106 2.08 30 30 0.0724 3132 
    12-10-L-1 vs. 12-10-L-2 46.2 54.1 -7.98 2.08 30 30 5.43 3132 
    12-10-L-1 vs. 12-10-S-1 46.2 54.8 -8.68 2.08 30 30 5.91 3132 
    12-10-L-1 vs. 12-10-S-2 46.2 51.5 -5.37 2.08 30 30 3.66 3132 
    12-10-L-2 vs. 12-10-S-1 54.1 54.8 -0.703 2.08 30 30 0.479 3132 
    12-10-L-2 vs. 12-10-S-2 54.1 51.5 2.61 2.08 30 30 1.77 3132 
    12-10-S-1 vs. 12-10-S-2 54.8 51.5 3.31 2.08 30 30 2.25 3132 
        
15 
       
    12-10 vs. 12-10-R-1 53.7 57 -3.35 2.08 30 30 2.28 3132 
190 
 
    12-10 vs. 12-10-R-2 53.7 57.3 -3.61 2.08 30 30 2.46 3132 
    12-10 vs. 12-10-L-1 53.7 55.6 -1.91 2.08 30 30 1.3 3132 
    12-10 vs. 12-10-L-2 53.7 58 -4.26 2.08 30 30 2.9 3132 
    12-10 vs. 12-10-S-1 53.7 58.2 -4.5 2.08 30 30 3.06 3132 
    12-10 vs. 12-10-S-2 53.7 57.2 -3.52 2.08 30 30 2.4 3132 
    12-10-R-1 vs. 12-10-R-
2 57 57.3 -0.266 2.08 30 30 0.181 3132 
    12-10-R-1 vs. 12-10-L-1 57 55.6 1.44 2.08 30 30 0.978 3132 
    12-10-R-1 vs. 12-10-L-2 57 58 -0.908 2.08 30 30 0.618 3132 
    12-10-R-1 vs. 12-10-S-1 57 58.2 -1.15 2.08 30 30 0.785 3132 
    12-10-R-1 vs. 12-10-S-2 57 57.2 -0.173 2.08 30 30 0.118 3132 
    12-10-R-2 vs. 12-10-L-1 57.3 55.6 1.7 2.08 30 30 1.16 3132 
    12-10-R-2 vs. 12-10-L-2 57.3 58 -0.642 2.08 30 30 0.437 3132 
    12-10-R-2 vs. 12-10-S-1 57.3 58.2 -0.887 2.08 30 30 0.604 3132 
    12-10-R-2 vs. 12-10-S-2 57.3 57.2 0.0927 2.08 30 30 0.0631 3132 
    12-10-L-1 vs. 12-10-L-2 55.6 58 -2.34 2.08 30 30 1.6 3132 
    12-10-L-1 vs. 12-10-S-1 55.6 58.2 -2.59 2.08 30 30 1.76 3132 
    12-10-L-1 vs. 12-10-S-2 55.6 57.2 -1.61 2.08 30 30 1.1 3132 
    12-10-L-2 vs. 12-10-S-1 58 58.2 -0.245 2.08 30 30 0.167 3132 
    12-10-L-2 vs. 12-10-S-2 58 57.2 0.735 2.08 30 30 0.5 3132 
    12-10-S-1 vs. 12-10-S-2 58.2 57.2 0.98 2.08 30 30 0.667 3132 
        
16 
       
    12-10 vs. 12-10-R-1 54.7 59 -4.38 2.08 30 30 2.98 3132 
    12-10 vs. 12-10-R-2 54.7 59 -4.39 2.08 30 30 2.99 3132 
    12-10 vs. 12-10-L-1 54.7 58.9 -4.22 2.08 30 30 2.87 3132 
    12-10 vs. 12-10-L-2 54.7 59.1 -4.44 2.08 30 30 3.02 3132 
191 
 
    12-10 vs. 12-10-S-1 54.7 59.2 -4.5 2.08 30 30 3.06 3132 
    12-10 vs. 12-10-S-2 54.7 59 -4.39 2.08 30 30 2.99 3132 
    12-10-R-1 vs. 12-10-R-
2 59 59 -0.00667 2.08 30 30 0.00454 3132 
    12-10-R-1 vs. 12-10-L-1 59 58.9 0.157 2.08 30 30 0.107 3132 
    12-10-R-1 vs. 12-10-L-2 59 59.1 -0.0587 2.08 30 30 0.0399 3132 
    12-10-R-1 vs. 12-10-S-1 59 59.2 -0.116 2.08 30 30 0.0789 3132 
    12-10-R-1 vs. 12-10-S-2 59 59 -0.00933 2.08 30 30 0.00635 3132 
    12-10-R-2 vs. 12-10-L-1 59 58.9 0.164 2.08 30 30 0.112 3132 
    12-10-R-2 vs. 12-10-L-2 59 59.1 -0.052 2.08 30 30 0.0354 3132 
    12-10-R-2 vs. 12-10-S-1 59 59.2 -0.109 2.08 30 30 0.0744 3132 
    12-10-R-2 vs. 12-10-S-2 59 59 -0.00267 2.08 30 30 0.00181 3132 
    12-10-L-1 vs. 12-10-L-2 58.9 59.1 -0.216 2.08 30 30 0.147 3132 
    12-10-L-1 vs. 12-10-S-1 58.9 59.2 -0.273 2.08 30 30 0.186 3132 
    12-10-L-1 vs. 12-10-S-2 58.9 59 -0.167 2.08 30 30 0.113 3132 
    12-10-L-2 vs. 12-10-S-1 59.1 59.2 -0.0573 2.08 30 30 0.039 3132 
    12-10-L-2 vs. 12-10-S-2 59.1 59 0.0493 2.08 30 30 0.0336 3132 
    12-10-S-1 vs. 12-10-S-2 59.2 59 0.107 2.08 30 30 0.0726 3132 
        
17 
       
    12-10 vs. 12-10-R-1 55 59.2 -4.25 2.08 30 30 2.89 3132 
    12-10 vs. 12-10-R-2 55 59.2 -4.25 2.08 30 30 2.89 3132 
    12-10 vs. 12-10-L-1 55 59.2 -4.24 2.08 30 30 2.89 3132 
    12-10 vs. 12-10-L-2 55 59.2 -4.26 2.08 30 30 2.9 3132 
    12-10 vs. 12-10-S-1 55 59.2 -4.26 2.08 30 30 2.9 3132 
    12-10 vs. 12-10-S-2 55 59.2 -4.25 2.08 30 30 2.89 3132 
192 
 
    12-10-R-1 vs. 12-10-R-
2 59.2 59.2 -0.00667 2.08 30 30 0.00454 3132 
    12-10-R-1 vs. 12-10-L-1 59.2 59.2 0.006 2.08 30 30 0.00408 3132 
    12-10-R-1 vs. 12-10-L-2 59.2 59.2 -0.0103 2.08 30 30 0.00703 3132 
    12-10-R-1 vs. 12-10-S-1 59.2 59.2 -0.016 2.08 30 30 0.0109 3132 
    12-10-R-1 vs. 12-10-S-2 59.2 59.2 -0.00533 2.08 30 30 0.00363 3132 
    12-10-R-2 vs. 12-10-L-1 59.2 59.2 0.0127 2.08 30 30 0.00862 3132 
    12-10-R-2 vs. 12-10-L-2 59.2 59.2 -0.00367 2.08 30 30 0.0025 3132 
    12-10-R-2 vs. 12-10-S-1 59.2 59.2 -0.00933 2.08 30 30 0.00635 3132 
    12-10-R-2 vs. 12-10-S-2 59.2 59.2 0.00133 2.08 30 30 0.000907 3132 
    12-10-L-1 vs. 12-10-L-2 59.2 59.2 -0.0163 2.08 30 30 0.0111 3132 
    12-10-L-1 vs. 12-10-S-1 59.2 59.2 -0.022 2.08 30 30 0.015 3132 
    12-10-L-1 vs. 12-10-S-2 59.2 59.2 -0.0113 2.08 30 30 0.00771 3132 
    12-10-L-2 vs. 12-10-S-1 59.2 59.2 -0.00567 2.08 30 30 0.00386 3132 
    12-10-L-2 vs. 12-10-S-2 59.2 59.2 0.005 2.08 30 30 0.0034 3132 
    12-10-S-1 vs. 12-10-S-2 59.2 59.2 0.0107 2.08 30 30 0.00726 3132 
        
18 
       
    12-10 vs. 12-10-R-1 55 59.1 -4.07 2.08 30 30 2.77 3132 
    12-10 vs. 12-10-R-2 55 59.1 -4.1 2.08 30 30 2.79 3132 
    12-10 vs. 12-10-L-1 55 59.2 -4.15 2.08 30 30 2.82 3132 
    12-10 vs. 12-10-L-2 55 59.2 -4.13 2.08 30 30 2.81 3132 
    12-10 vs. 12-10-S-1 55 59.2 -4.13 2.08 30 30 2.81 3132 
    12-10 vs. 12-10-S-2 55 59.2 -4.12 2.08 30 30 2.8 3132 
    12-10-R-1 vs. 12-10-R-
2 59.1 59.1 -0.0253 2.08 30 30 0.0172 3132 
    12-10-R-1 vs. 12-10-L-1 59.1 59.2 -0.073 2.08 30 30 0.0497 3132 
193 
 
    12-10-R-1 vs. 12-10-L-2 59.1 59.2 -0.057 2.08 30 30 0.0388 3132 
    12-10-R-1 vs. 12-10-S-1 59.1 59.2 -0.0543 2.08 30 30 0.037 3132 
    12-10-R-1 vs. 12-10-S-2 59.1 59.2 -0.0437 2.08 30 30 0.0297 3132 
    12-10-R-2 vs. 12-10-L-1 59.1 59.2 -0.0477 2.08 30 30 0.0324 3132 
    12-10-R-2 vs. 12-10-L-2 59.1 59.2 -0.0317 2.08 30 30 0.0215 3132 
    12-10-R-2 vs. 12-10-S-1 59.1 59.2 -0.029 2.08 30 30 0.0197 3132 
    12-10-R-2 vs. 12-10-S-2 59.1 59.2 -0.0183 2.08 30 30 0.0125 3132 
    12-10-L-1 vs. 12-10-L-2 59.2 59.2 0.016 2.08 30 30 0.0109 3132 
    12-10-L-1 vs. 12-10-S-1 59.2 59.2 0.0187 2.08 30 30 0.0127 3132 
    12-10-L-1 vs. 12-10-S-2 59.2 59.2 0.0293 2.08 30 30 0.02 3132 
    12-10-L-2 vs. 12-10-S-1 59.2 59.2 0.00267 2.08 30 30 0.00181 3132 
    12-10-L-2 vs. 12-10-S-2 59.2 59.2 0.0133 2.08 30 30 0.00907 3132 
    12-10-S-1 vs. 12-10-S-2 59.2 59.2 0.0107 2.08 30 30 0.00726 3132 
 
Table B. 3. Tukey’s Test details for Combination 10-12 
Test details Mean 1 Mean 2 Mean Diff. SE of diff. N1 N2 q DF 
1 
       
    10-12 vs. 10-12-R-1 59.3 59.4 -0.0747 0.518 30 30 0.204 3132 
    10-12 vs. 10-12-R-2 59.3 59.3 -0.06 0.518 30 30 0.164 3132 
    10-12 vs. 10-12-L-1 59.3 59.3 -0.0133 0.518 30 30 0.0364 3132 
    10-12 vs. 10-12-L-2 59.3 59.3 -0.033 0.518 30 30 0.0901 3132 
    10-12 vs. 10-12-S-1 59.3 59.3 -0.0323 0.518 30 30 0.0883 3132 
    10-12 vs. 10-12-S-2 59.3 59.3 -0.0393 0.518 30 30 0.107 3132 
    10-12-R-1 vs. 10-12-R-2 59.4 59.3 0.0147 0.518 30 30 0.0401 3132 
    10-12-R-1 vs. 10-12-L-1 59.4 59.3 0.0613 0.518 30 30 0.167 3132 
    10-12-R-1 vs. 10-12-L-2 59.4 59.3 0.0417 0.518 30 30 0.114 3132 
194 
 
    10-12-R-1 vs. 10-12-S-1 59.4 59.3 0.0423 0.518 30 30 0.116 3132 
    10-12-R-1 vs. 10-12-S-2 59.4 59.3 0.0353 0.518 30 30 0.0965 3132 
    10-12-R-2 vs. 10-12-L-1 59.3 59.3 0.0467 0.518 30 30 0.127 3132 
    10-12-R-2 vs. 10-12-L-2 59.3 59.3 0.027 0.518 30 30 0.0737 3132 
    10-12-R-2 vs. 10-12-S-1 59.3 59.3 0.0277 0.518 30 30 0.0755 3132 
    10-12-R-2 vs. 10-12-S-2 59.3 59.3 0.0207 0.518 30 30 0.0564 3132 
    10-12-L-1 vs. 10-12-L-2 59.3 59.3 -0.0197 0.518 30 30 0.0537 3132 
    10-12-L-1 vs. 10-12-S-1 59.3 59.3 -0.019 0.518 30 30 0.0519 3132 
    10-12-L-1 vs. 10-12-S-2 59.3 59.3 -0.026 0.518 30 30 0.071 3132 
    10-12-L-2 vs. 10-12-S-1 59.3 59.3 0.000667 0.518 30 30 0.00182 3132 
    10-12-L-2 vs. 10-12-S-2 59.3 59.3 -0.00633 0.518 30 30 0.0173 3132 
    10-12-S-1 vs. 10-12-S-2 59.3 59.3 -0.007 0.518 30 30 0.0191 3132 
        
2 
       
    10-12 vs. 10-12-R-1 59.1 58.8 0.373 0.518 30 30 1.02 3132 
    10-12 vs. 10-12-R-2 59.1 59.1 0.06 0.518 30 30 0.164 3132 
    10-12 vs. 10-12-L-1 59.1 59.1 0.0283 0.518 30 30 0.0774 3132 
    10-12 vs. 10-12-L-2 59.1 59 0.128 0.518 30 30 0.35 3132 
    10-12 vs. 10-12-S-1 59.1 59 0.125 0.518 30 30 0.342 3132 
    10-12 vs. 10-12-S-2 59.1 58.9 0.199 0.518 30 30 0.544 3132 
    10-12-R-1 vs. 10-12-R-2 58.8 59.1 -0.313 0.518 30 30 0.854 3132 
    10-12-R-1 vs. 10-12-L-1 58.8 59.1 -0.344 0.518 30 30 0.94 3132 
    10-12-R-1 vs. 10-12-L-2 58.8 59 -0.245 0.518 30 30 0.668 3132 
    10-12-R-1 vs. 10-12-S-1 58.8 59 -0.247 0.518 30 30 0.675 3132 
    10-12-R-1 vs. 10-12-S-2 58.8 58.9 -0.173 0.518 30 30 0.473 3132 
    10-12-R-2 vs. 10-12-L-1 59.1 59.1 -0.0317 0.518 30 30 0.0865 3132 
    10-12-R-2 vs. 10-12-L-2 59.1 59 0.068 0.518 30 30 0.186 3132 
195 
 
    10-12-R-2 vs. 10-12-S-1 59.1 59 0.0653 0.518 30 30 0.178 3132 
    10-12-R-2 vs. 10-12-S-2 59.1 58.9 0.139 0.518 30 30 0.38 3132 
    10-12-L-1 vs. 10-12-L-2 59.1 59 0.0997 0.518 30 30 0.272 3132 
    10-12-L-1 vs. 10-12-S-1 59.1 59 0.097 0.518 30 30 0.265 3132 
    10-12-L-1 vs. 10-12-S-2 59.1 58.9 0.171 0.518 30 30 0.467 3132 
    10-12-L-2 vs. 10-12-S-1 59 59 -0.00267 0.518 30 30 0.00728 3132 
    10-12-L-2 vs. 10-12-S-2 59 58.9 0.0713 0.518 30 30 0.195 3132 
    10-12-S-1 vs. 10-12-S-2 59 58.9 0.074 0.518 30 30 0.202 3132 
        
3 
       
    10-12 vs. 10-12-R-1 59.1 58.3 0.752 0.518 30 30 2.05 3132 
    10-12 vs. 10-12-R-2 59.1 58.9 0.185 0.518 30 30 0.504 3132 
    10-12 vs. 10-12-L-1 59.1 58.9 0.173 0.518 30 30 0.472 3132 
    10-12 vs. 10-12-L-2 59.1 58.8 0.261 0.518 30 30 0.712 3132 
    10-12 vs. 10-12-S-1 59.1 58.8 0.225 0.518 30 30 0.613 3132 
    10-12 vs. 10-12-S-2 59.1 58.8 0.267 0.518 30 30 0.73 3132 
    10-12-R-1 vs. 10-12-R-2 58.3 58.9 -0.567 0.518 30 30 1.55 3132 
    10-12-R-1 vs. 10-12-L-1 58.3 58.9 -0.579 0.518 30 30 1.58 3132 
    10-12-R-1 vs. 10-12-L-2 58.3 58.8 -0.491 0.518 30 30 1.34 3132 
    10-12-R-1 vs. 10-12-S-1 58.3 58.8 -0.527 0.518 30 30 1.44 3132 
    10-12-R-1 vs. 10-12-S-2 58.3 58.8 -0.485 0.518 30 30 1.32 3132 
    10-12-R-2 vs. 10-12-L-1 58.9 58.9 -0.0117 0.518 30 30 0.0319 3132 
    10-12-R-2 vs. 10-12-L-2 58.9 58.8 0.076 0.518 30 30 0.208 3132 
    10-12-R-2 vs. 10-12-S-1 58.9 58.8 0.04 0.518 30 30 0.109 3132 
    10-12-R-2 vs. 10-12-S-2 58.9 58.8 0.0827 0.518 30 30 0.226 3132 
    10-12-L-1 vs. 10-12-L-2 58.9 58.8 0.0877 0.518 30 30 0.239 3132 
    10-12-L-1 vs. 10-12-S-1 58.9 58.8 0.0517 0.518 30 30 0.141 3132 
196 
 
    10-12-L-1 vs. 10-12-S-2 58.9 58.8 0.0943 0.518 30 30 0.258 3132 
    10-12-L-2 vs. 10-12-S-1 58.8 58.8 -0.036 0.518 30 30 0.0983 3132 
    10-12-L-2 vs. 10-12-S-2 58.8 58.8 0.00667 0.518 30 30 0.0182 3132 
    10-12-S-1 vs. 10-12-S-2 58.8 58.8 0.0427 0.518 30 30 0.117 3132 
        
4 
       
    10-12 vs. 10-12-R-1 58.9 57.8 1.12 0.518 30 30 3.04 3132 
    10-12 vs. 10-12-R-2 58.9 58.5 0.367 0.518 30 30 1 3132 
    10-12 vs. 10-12-L-1 58.9 58.6 0.276 0.518 30 30 0.753 3132 
    10-12 vs. 10-12-L-2 58.9 58.4 0.42 0.518 30 30 1.15 3132 
    10-12 vs. 10-12-S-1 58.9 58.5 0.356 0.518 30 30 0.972 3132 
    10-12 vs. 10-12-S-2 58.9 58.4 0.437 0.518 30 30 1.19 3132 
    10-12-R-1 vs. 10-12-R-2 57.8 58.5 -0.748 0.518 30 30 2.04 3132 
    10-12-R-1 vs. 10-12-L-1 57.8 58.6 -0.839 0.518 30 30 2.29 3132 
    10-12-R-1 vs. 10-12-L-2 57.8 58.4 -0.695 0.518 30 30 1.9 3132 
    10-12-R-1 vs. 10-12-S-1 57.8 58.5 -0.759 0.518 30 30 2.07 3132 
    10-12-R-1 vs. 10-12-S-2 57.8 58.4 -0.678 0.518 30 30 1.85 3132 
    10-12-R-2 vs. 10-12-L-1 58.5 58.6 -0.0917 0.518 30 30 0.25 3132 
    10-12-R-2 vs. 10-12-L-2 58.5 58.4 0.0527 0.518 30 30 0.144 3132 
    10-12-R-2 vs. 10-12-S-1 58.5 58.5 -0.0113 0.518 30 30 0.0309 3132 
    10-12-R-2 vs. 10-12-S-2 58.5 58.4 0.0697 0.518 30 30 0.19 3132 
    10-12-L-1 vs. 10-12-L-2 58.6 58.4 0.144 0.518 30 30 0.394 3132 
    10-12-L-1 vs. 10-12-S-1 58.6 58.5 0.0803 0.518 30 30 0.219 3132 
    10-12-L-1 vs. 10-12-S-2 58.6 58.4 0.161 0.518 30 30 0.441 3132 
    10-12-L-2 vs. 10-12-S-1 58.4 58.5 -0.064 0.518 30 30 0.175 3132 
    10-12-L-2 vs. 10-12-S-2 58.4 58.4 0.017 0.518 30 30 0.0464 3132 
    10-12-S-1 vs. 10-12-S-2 58.5 58.4 0.081 0.518 30 30 0.221 3132 




       
    10-12 vs. 10-12-R-1 38.8 57.7 -18.9 0.518 30 30 51.5 3132 
    10-12 vs. 10-12-R-2 38.8 58.3 -19.4 0.518 30 30 53.1 3132 
    10-12 vs. 10-12-L-1 38.8 59.9 -21.1 0.518 30 30 57.5 3132 
    10-12 vs. 10-12-L-2 38.8 60 -21.2 0.518 30 30 57.9 3132 
    10-12 vs. 10-12-S-1 38.8 59.9 -21.1 0.518 30 30 57.6 3132 
    10-12 vs. 10-12-S-2 38.8 60.1 -21.2 0.518 30 30 58 3132 
    10-12-R-1 vs. 10-12-R-2 57.7 58.3 -0.566 0.518 30 30 1.55 3132 
    10-12-R-1 vs. 10-12-L-1 57.7 59.9 -2.21 0.518 30 30 6.02 3132 
    10-12-R-1 vs. 10-12-L-2 57.7 60 -2.33 0.518 30 30 6.35 3132 
    10-12-R-1 vs. 10-12-S-1 57.7 59.9 -2.23 0.518 30 30 6.1 3132 
    10-12-R-1 vs. 10-12-S-2 57.7 60.1 -2.37 0.518 30 30 6.47 3132 
    10-12-R-2 vs. 10-12-L-1 58.3 59.9 -1.64 0.518 30 30 4.48 3132 
    10-12-R-2 vs. 10-12-L-2 58.3 60 -1.76 0.518 30 30 4.8 3132 
    10-12-R-2 vs. 10-12-S-1 58.3 59.9 -1.67 0.518 30 30 4.55 3132 
    10-12-R-2 vs. 10-12-S-2 58.3 60.1 -1.8 0.518 30 30 4.92 3132 
    10-12-L-1 vs. 10-12-L-2 59.9 60 -0.119 0.518 30 30 0.325 3132 
    10-12-L-1 vs. 10-12-S-1 59.9 59.9 -0.0263 0.518 30 30 0.0719 3132 
    10-12-L-1 vs. 10-12-S-2 59.9 60.1 -0.163 0.518 30 30 0.446 3132 
    10-12-L-2 vs. 10-12-S-1 60 59.9 0.0927 0.518 30 30 0.253 3132 
    10-12-L-2 vs. 10-12-S-2 60 60.1 -0.0443 0.518 30 30 0.121 3132 
    10-12-S-1 vs. 10-12-S-2 59.9 60.1 -0.137 0.518 30 30 0.374 3132 
        
6 
       
    10-12 vs. 10-12-R-1 39.6 57.5 -17.9 0.518 30 30 48.9 3132 
    10-12 vs. 10-12-R-2 39.6 58.1 -18.5 0.518 30 30 50.6 3132 
    10-12 vs. 10-12-L-1 39.6 59.3 -19.7 0.518 30 30 53.8 3132 
198 
 
    10-12 vs. 10-12-L-2 39.6 59.5 -19.9 0.518 30 30 54.3 3132 
    10-12 vs. 10-12-S-1 39.6 59.4 -19.8 0.518 30 30 54.1 3132 
    10-12 vs. 10-12-S-2 39.6 59.5 -20 0.518 30 30 54.5 3132 
    10-12-R-1 vs. 10-12-R-2 57.5 58.1 -0.628 0.518 30 30 1.72 3132 
    10-12-R-1 vs. 10-12-L-1 57.5 59.3 -1.82 0.518 30 30 4.96 3132 
    10-12-R-1 vs. 10-12-L-2 57.5 59.5 -1.99 0.518 30 30 5.42 3132 
    10-12-R-1 vs. 10-12-S-1 57.5 59.4 -1.91 0.518 30 30 5.22 3132 
    10-12-R-1 vs. 10-12-S-2 57.5 59.5 -2.06 0.518 30 30 5.64 3132 
    10-12-R-2 vs. 10-12-L-1 58.1 59.3 -1.19 0.518 30 30 3.25 3132 
    10-12-R-2 vs. 10-12-L-2 58.1 59.5 -1.36 0.518 30 30 3.71 3132 
    10-12-R-2 vs. 10-12-S-1 58.1 59.4 -1.28 0.518 30 30 3.5 3132 
    10-12-R-2 vs. 10-12-S-2 58.1 59.5 -1.44 0.518 30 30 3.92 3132 
    10-12-L-1 vs. 10-12-L-2 59.3 59.5 -0.168 0.518 30 30 0.46 3132 
    10-12-L-1 vs. 10-12-S-1 59.3 59.4 -0.0933 0.518 30 30 0.255 3132 
    10-12-L-1 vs. 10-12-S-2 59.3 59.5 -0.247 0.518 30 30 0.674 3132 
    10-12-L-2 vs. 10-12-S-1 59.5 59.4 0.075 0.518 30 30 0.205 3132 
    10-12-L-2 vs. 10-12-S-2 59.5 59.5 -0.0783 0.518 30 30 0.214 3132 
    10-12-S-1 vs. 10-12-S-2 59.4 59.5 -0.153 0.518 30 30 0.419 3132 
        
7 
       
    10-12 vs. 10-12-R-1 40.1 57.1 -17 0.518 30 30 46.4 3132 
    10-12 vs. 10-12-R-2 40.1 57.8 -17.7 0.518 30 30 48.3 3132 
    10-12 vs. 10-12-L-1 40.1 58.7 -18.6 0.518 30 30 50.8 3132 
    10-12 vs. 10-12-L-2 40.1 59 -18.8 0.518 30 30 51.4 3132 
    10-12 vs. 10-12-S-1 40.1 58.9 -18.8 0.518 30 30 51.2 3132 
    10-12 vs. 10-12-S-2 40.1 59.1 -19 0.518 30 30 51.8 3132 
    10-12-R-1 vs. 10-12-R-2 57.1 57.8 -0.726 0.518 30 30 1.98 3132 
199 
 
    10-12-R-1 vs. 10-12-L-1 57.1 58.7 -1.63 0.518 30 30 4.45 3132 
    10-12-R-1 vs. 10-12-L-2 57.1 59 -1.86 0.518 30 30 5.09 3132 
    10-12-R-1 vs. 10-12-S-1 57.1 58.9 -1.78 0.518 30 30 4.87 3132 
    10-12-R-1 vs. 10-12-S-2 57.1 59.1 -1.99 0.518 30 30 5.44 3132 
    10-12-R-2 vs. 10-12-L-1 57.8 58.7 -0.903 0.518 30 30 2.46 3132 
    10-12-R-2 vs. 10-12-L-2 57.8 59 -1.14 0.518 30 30 3.1 3132 
    10-12-R-2 vs. 10-12-S-1 57.8 58.9 -1.06 0.518 30 30 2.89 3132 
    10-12-R-2 vs. 10-12-S-2 57.8 59.1 -1.27 0.518 30 30 3.46 3132 
    10-12-L-1 vs. 10-12-L-2 58.7 59 -0.234 0.518 30 30 0.638 3132 
    10-12-L-1 vs. 10-12-S-1 58.7 58.9 -0.155 0.518 30 30 0.422 3132 
    10-12-L-1 vs. 10-12-S-2 58.7 59.1 -0.365 0.518 30 30 0.996 3132 
    10-12-L-2 vs. 10-12-S-1 59 58.9 0.079 0.518 30 30 0.216 3132 
    10-12-L-2 vs. 10-12-S-2 59 59.1 -0.131 0.518 30 30 0.358 3132 
    10-12-S-1 vs. 10-12-S-2 58.9 59.1 -0.21 0.518 30 30 0.573 3132 
        
8 
       
    10-12 vs. 10-12-R-1 40.6 56.6 -16 0.518 30 30 43.7 3132 
    10-12 vs. 10-12-R-2 40.6 57.5 -16.9 0.518 30 30 46.2 3132 
    10-12 vs. 10-12-L-1 40.6 58.5 -17.8 0.518 30 30 48.7 3132 
    10-12 vs. 10-12-L-2 40.6 58.7 -18.1 0.518 30 30 49.4 3132 
    10-12 vs. 10-12-S-1 40.6 58.6 -18 0.518 30 30 49.1 3132 
    10-12 vs. 10-12-S-2 40.6 58.9 -18.3 0.518 30 30 49.9 3132 
    10-12-R-1 vs. 10-12-R-2 56.6 57.5 -0.925 0.518 30 30 2.53 3132 
    10-12-R-1 vs. 10-12-L-1 56.6 58.5 -1.83 0.518 30 30 5 3132 
    10-12-R-1 vs. 10-12-L-2 56.6 58.7 -2.08 0.518 30 30 5.69 3132 
    10-12-R-1 vs. 10-12-S-1 56.6 58.6 -1.99 0.518 30 30 5.43 3132 
    10-12-R-1 vs. 10-12-S-2 56.6 58.9 -2.28 0.518 30 30 6.23 3132 
200 
 
    10-12-R-2 vs. 10-12-L-1 57.5 58.5 -0.906 0.518 30 30 2.47 3132 
    10-12-R-2 vs. 10-12-L-2 57.5 58.7 -1.16 0.518 30 30 3.16 3132 
    10-12-R-2 vs. 10-12-S-1 57.5 58.6 -1.06 0.518 30 30 2.9 3132 
    10-12-R-2 vs. 10-12-S-2 57.5 58.9 -1.36 0.518 30 30 3.7 3132 
    10-12-L-1 vs. 10-12-L-2 58.5 58.7 -0.252 0.518 30 30 0.689 3132 
    10-12-L-1 vs. 10-12-S-1 58.5 58.6 -0.157 0.518 30 30 0.429 3132 
    10-12-L-1 vs. 10-12-S-2 58.5 58.9 -0.449 0.518 30 30 1.23 3132 
    10-12-L-2 vs. 10-12-S-1 58.7 58.6 0.0953 0.518 30 30 0.26 3132 
    10-12-L-2 vs. 10-12-S-2 58.7 58.9 -0.197 0.518 30 30 0.537 3132 
    10-12-S-1 vs. 10-12-S-2 58.6 58.9 -0.292 0.518 30 30 0.797 3132 
        
9 
       
    10-12 vs. 10-12-R-1 41.2 56.2 -15.1 0.518 30 30 41.1 3132 
    10-12 vs. 10-12-R-2 41.2 57.3 -16.2 0.518 30 30 44.1 3132 
    10-12 vs. 10-12-L-1 41.2 58.3 -17.1 0.518 30 30 46.8 3132 
    10-12 vs. 10-12-L-2 41.2 58.6 -17.4 0.518 30 30 47.6 3132 
    10-12 vs. 10-12-S-1 41.2 58.5 -17.3 0.518 30 30 47.3 3132 
    10-12 vs. 10-12-S-2 41.2 58.8 -17.7 0.518 30 30 48.3 3132 
    10-12-R-1 vs. 10-12-R-2 56.2 57.3 -1.1 0.518 30 30 3 3132 
    10-12-R-1 vs. 10-12-L-1 56.2 58.3 -2.08 0.518 30 30 5.68 3132 
    10-12-R-1 vs. 10-12-L-2 56.2 58.6 -2.36 0.518 30 30 6.44 3132 
    10-12-R-1 vs. 10-12-S-1 56.2 58.5 -2.27 0.518 30 30 6.19 3132 
    10-12-R-1 vs. 10-12-S-2 56.2 58.8 -2.61 0.518 30 30 7.14 3132 
    10-12-R-2 vs. 10-12-L-1 57.3 58.3 -0.98 0.518 30 30 2.68 3132 
    10-12-R-2 vs. 10-12-L-2 57.3 58.6 -1.26 0.518 30 30 3.44 3132 
    10-12-R-2 vs. 10-12-S-1 57.3 58.5 -1.17 0.518 30 30 3.19 3132 
    10-12-R-2 vs. 10-12-S-2 57.3 58.8 -1.52 0.518 30 30 4.14 3132 
201 
 
    10-12-L-1 vs. 10-12-L-2 58.3 58.6 -0.28 0.518 30 30 0.764 3132 
    10-12-L-1 vs. 10-12-S-1 58.3 58.5 -0.188 0.518 30 30 0.512 3132 
    10-12-L-1 vs. 10-12-S-2 58.3 58.8 -0.535 0.518 30 30 1.46 3132 
    10-12-L-2 vs. 10-12-S-1 58.6 58.5 0.092 0.518 30 30 0.251 3132 
    10-12-L-2 vs. 10-12-S-2 58.6 58.8 -0.255 0.518 30 30 0.697 3132 
    10-12-S-1 vs. 10-12-S-2 58.5 58.8 -0.347 0.518 30 30 0.948 3132 
        
10 
       
    10-12 vs. 10-12-R-1 41.8 55.6 -13.9 0.518 30 30 37.9 3132 
    10-12 vs. 10-12-R-2 41.8 56.8 -15 0.518 30 30 41.1 3132 
    10-12 vs. 10-12-L-1 41.8 58.2 -16.4 0.518 30 30 44.9 3132 
    10-12 vs. 10-12-L-2 41.8 58.5 -16.7 0.518 30 30 45.7 3132 
    10-12 vs. 10-12-S-1 41.8 58.4 -16.7 0.518 30 30 45.5 3132 
    10-12 vs. 10-12-S-2 41.8 58.8 -17.1 0.518 30 30 46.6 3132 
    10-12-R-1 vs. 10-12-R-2 55.6 56.8 -1.19 0.518 30 30 3.24 3132 
    10-12-R-1 vs. 10-12-L-1 55.6 58.2 -2.59 0.518 30 30 7.06 3132 
    10-12-R-1 vs. 10-12-L-2 55.6 58.5 -2.87 0.518 30 30 7.83 3132 
    10-12-R-1 vs. 10-12-S-1 55.6 58.4 -2.79 0.518 30 30 7.62 3132 
    10-12-R-1 vs. 10-12-S-2 55.6 58.8 -3.19 0.518 30 30 8.72 3132 
    10-12-R-2 vs. 10-12-L-1 56.8 58.2 -1.4 0.518 30 30 3.82 3132 
    10-12-R-2 vs. 10-12-L-2 56.8 58.5 -1.68 0.518 30 30 4.59 3132 
    10-12-R-2 vs. 10-12-S-1 56.8 58.4 -1.6 0.518 30 30 4.38 3132 
    10-12-R-2 vs. 10-12-S-2 56.8 58.8 -2.01 0.518 30 30 5.48 3132 
    10-12-L-1 vs. 10-12-L-2 58.2 58.5 -0.281 0.518 30 30 0.768 3132 
    10-12-L-1 vs. 10-12-S-1 58.2 58.4 -0.205 0.518 30 30 0.56 3132 
    10-12-L-1 vs. 10-12-S-2 58.2 58.8 -0.607 0.518 30 30 1.66 3132 
    10-12-L-2 vs. 10-12-S-1 58.5 58.4 0.0763 0.518 30 30 0.208 3132 
202 
 
    10-12-L-2 vs. 10-12-S-2 58.5 58.8 -0.326 0.518 30 30 0.89 3132 
    10-12-S-1 vs. 10-12-S-2 58.4 58.8 -0.402 0.518 30 30 1.1 3132 
        
11 
       
    10-12 vs. 10-12-R-1 41.9 55.5 -13.5 0.518 30 30 36.9 3132 
    10-12 vs. 10-12-R-2 41.9 56.6 -14.7 0.518 30 30 40.1 3132 
    10-12 vs. 10-12-L-1 41.9 58.1 -16.1 0.518 30 30 44.1 3132 
    10-12 vs. 10-12-L-2 41.9 58.4 -16.4 0.518 30 30 44.8 3132 
    10-12 vs. 10-12-S-1 41.9 58.3 -16.4 0.518 30 30 44.7 3132 
    10-12 vs. 10-12-S-2 41.9 58.7 -16.8 0.518 30 30 45.8 3132 
    10-12-R-1 vs. 10-12-R-2 55.5 56.6 -1.16 0.518 30 30 3.16 3132 
    10-12-R-1 vs. 10-12-L-1 55.5 58.1 -2.63 0.518 30 30 7.17 3132 
    10-12-R-1 vs. 10-12-L-2 55.5 58.4 -2.89 0.518 30 30 7.9 3132 
    10-12-R-1 vs. 10-12-S-1 55.5 58.3 -2.85 0.518 30 30 7.79 3132 
    10-12-R-1 vs. 10-12-S-2 55.5 58.7 -3.27 0.518 30 30 8.93 3132 
    10-12-R-2 vs. 10-12-L-1 56.6 58.1 -1.47 0.518 30 30 4.01 3132 
    10-12-R-2 vs. 10-12-L-2 56.6 58.4 -1.74 0.518 30 30 4.74 3132 
    10-12-R-2 vs. 10-12-S-1 56.6 58.3 -1.7 0.518 30 30 4.63 3132 
    10-12-R-2 vs. 10-12-S-2 56.6 58.7 -2.12 0.518 30 30 5.78 3132 
    10-12-L-1 vs. 10-12-L-2 58.1 58.4 -0.268 0.518 30 30 0.732 3132 
    10-12-L-1 vs. 10-12-S-1 58.1 58.3 -0.227 0.518 30 30 0.619 3132 
    10-12-L-1 vs. 10-12-S-2 58.1 58.7 -0.646 0.518 30 30 1.76 3132 
    10-12-L-2 vs. 10-12-S-1 58.4 58.3 0.0413 0.518 30 30 0.113 3132 
    10-12-L-2 vs. 10-12-S-2 58.4 58.7 -0.378 0.518 30 30 1.03 3132 
    10-12-S-1 vs. 10-12-S-2 58.3 58.7 -0.42 0.518 30 30 1.15 3132 
        
12 
       
    10-12 vs. 10-12-R-1 54.7 56.2 -1.53 0.518 30 30 4.17 3132 
203 
 
    10-12 vs. 10-12-R-2 54.7 57.1 -2.48 0.518 30 30 6.77 3132 
    10-12 vs. 10-12-L-1 54.7 57.8 -3.1 0.518 30 30 8.46 3132 
    10-12 vs. 10-12-L-2 54.7 57.7 -3.01 0.518 30 30 8.21 3132 
    10-12 vs. 10-12-S-1 54.7 57.7 -3.06 0.518 30 30 8.36 3132 
    10-12 vs. 10-12-S-2 54.7 57.6 -2.96 0.518 30 30 8.08 3132 
    10-12-R-1 vs. 10-12-R-2 56.2 57.1 -0.953 0.518 30 30 2.6 3132 
    10-12-R-1 vs. 10-12-L-1 56.2 57.8 -1.57 0.518 30 30 4.29 3132 
    10-12-R-1 vs. 10-12-L-2 56.2 57.7 -1.48 0.518 30 30 4.05 3132 
    10-12-R-1 vs. 10-12-S-1 56.2 57.7 -1.53 0.518 30 30 4.19 3132 
    10-12-R-1 vs. 10-12-S-2 56.2 57.6 -1.43 0.518 30 30 3.91 3132 
    10-12-R-2 vs. 10-12-L-1 57.1 57.8 -0.617 0.518 30 30 1.68 3132 
    10-12-R-2 vs. 10-12-L-2 57.1 57.7 -0.528 0.518 30 30 1.44 3132 
    10-12-R-2 vs. 10-12-S-1 57.1 57.7 -0.581 0.518 30 30 1.59 3132 
    10-12-R-2 vs. 10-12-S-2 57.1 57.6 -0.479 0.518 30 30 1.31 3132 
    10-12-L-1 vs. 10-12-L-2 57.8 57.7 0.0883 0.518 30 30 0.241 3132 
    10-12-L-1 vs. 10-12-S-1 57.8 57.7 0.036 0.518 30 30 0.0983 3132 
    10-12-L-1 vs. 10-12-S-2 57.8 57.6 0.138 0.518 30 30 0.377 3132 
    10-12-L-2 vs. 10-12-S-1 57.7 57.7 -0.0523 0.518 30 30 0.143 3132 
    10-12-L-2 vs. 10-12-S-2 57.7 57.6 0.0497 0.518 30 30 0.136 3132 
    10-12-S-1 vs. 10-12-S-2 57.7 57.6 0.102 0.518 30 30 0.279 3132 
        
13 
       
    10-12 vs. 10-12-R-1 54.9 55.7 -0.829 0.518 30 30 2.26 3132 
    10-12 vs. 10-12-R-2 54.9 56.5 -1.62 0.518 30 30 4.43 3132 
    10-12 vs. 10-12-L-1 54.9 57 -2.11 0.518 30 30 5.77 3132 
    10-12 vs. 10-12-L-2 54.9 56.6 -1.72 0.518 30 30 4.7 3132 
    10-12 vs. 10-12-S-1 54.9 56.8 -1.92 0.518 30 30 5.25 3132 
204 
 
    10-12 vs. 10-12-S-2 54.9 56.8 -1.96 0.518 30 30 5.35 3132 
    10-12-R-1 vs. 10-12-R-2 55.7 56.5 -0.792 0.518 30 30 2.16 3132 
    10-12-R-1 vs. 10-12-L-1 55.7 57 -1.28 0.518 30 30 3.51 3132 
    10-12-R-1 vs. 10-12-L-2 55.7 56.6 -0.893 0.518 30 30 2.44 3132 
    10-12-R-1 vs. 10-12-S-1 55.7 56.8 -1.09 0.518 30 30 2.98 3132 
    10-12-R-1 vs. 10-12-S-2 55.7 56.8 -1.13 0.518 30 30 3.09 3132 
    10-12-R-2 vs. 10-12-L-1 56.5 57 -0.492 0.518 30 30 1.34 3132 
    10-12-R-2 vs. 10-12-L-2 56.5 56.6 -0.101 0.518 30 30 0.277 3132 
    10-12-R-2 vs. 10-12-S-1 56.5 56.8 -0.301 0.518 30 30 0.822 3132 
    10-12-R-2 vs. 10-12-S-2 56.5 56.8 -0.339 0.518 30 30 0.925 3132 
    10-12-L-1 vs. 10-12-L-2 57 56.6 0.391 0.518 30 30 1.07 3132 
    10-12-L-1 vs. 10-12-S-1 57 56.8 0.191 0.518 30 30 0.522 3132 
    10-12-L-1 vs. 10-12-S-2 57 56.8 0.154 0.518 30 30 0.42 3132 
    10-12-L-2 vs. 10-12-S-1 56.6 56.8 -0.2 0.518 30 30 0.545 3132 
    10-12-L-2 vs. 10-12-S-2 56.6 56.8 -0.237 0.518 30 30 0.648 3132 
    10-12-S-1 vs. 10-12-S-2 56.8 56.8 -0.0377 0.518 30 30 0.103 3132 
        
14 
       
    10-12 vs. 10-12-R-1 55 56.2 -1.28 0.518 30 30 3.49 3132 
    10-12 vs. 10-12-R-2 55 56.9 -1.98 0.518 30 30 5.4 3132 
    10-12 vs. 10-12-L-1 55 57.2 -2.26 0.518 30 30 6.18 3132 
    10-12 vs. 10-12-L-2 55 57 -2.02 0.518 30 30 5.5 3132 
    10-12 vs. 10-12-S-1 55 57.1 -2.16 0.518 30 30 5.91 3132 
    10-12 vs. 10-12-S-2 55 57.3 -2.36 0.518 30 30 6.46 3132 
    10-12-R-1 vs. 10-12-R-2 56.2 56.9 -0.699 0.518 30 30 1.91 3132 
    10-12-R-1 vs. 10-12-L-1 56.2 57.2 -0.985 0.518 30 30 2.69 3132 
    10-12-R-1 vs. 10-12-L-2 56.2 57 -0.735 0.518 30 30 2.01 3132 
205 
 
    10-12-R-1 vs. 10-12-S-1 56.2 57.1 -0.884 0.518 30 30 2.41 3132 
    10-12-R-1 vs. 10-12-S-2 56.2 57.3 -1.08 0.518 30 30 2.96 3132 
    10-12-R-2 vs. 10-12-L-1 56.9 57.2 -0.286 0.518 30 30 0.782 3132 
    10-12-R-2 vs. 10-12-L-2 56.9 57 -0.0367 0.518 30 30 0.1 3132 
    10-12-R-2 vs. 10-12-S-1 56.9 57.1 -0.186 0.518 30 30 0.507 3132 
    10-12-R-2 vs. 10-12-S-2 56.9 57.3 -0.386 0.518 30 30 1.05 3132 
    10-12-L-1 vs. 10-12-L-2 57.2 57 0.25 0.518 30 30 0.682 3132 
    10-12-L-1 vs. 10-12-S-1 57.2 57.1 0.101 0.518 30 30 0.275 3132 
    10-12-L-1 vs. 10-12-S-2 57.2 57.3 -0.0997 0.518 30 30 0.272 3132 
    10-12-L-2 vs. 10-12-S-1 57 57.1 -0.149 0.518 30 30 0.407 3132 
    10-12-L-2 vs. 10-12-S-2 57 57.3 -0.349 0.518 30 30 0.954 3132 
    10-12-S-1 vs. 10-12-S-2 57.1 57.3 -0.2 0.518 30 30 0.547 3132 
        
15 
       
    10-12 vs. 10-12-R-1 57.3 58.7 -1.39 0.518 30 30 3.79 3132 
    10-12 vs. 10-12-R-2 57.3 58.9 -1.59 0.518 30 30 4.35 3132 
    10-12 vs. 10-12-L-1 57.3 58.9 -1.57 0.518 30 30 4.29 3132 
    10-12 vs. 10-12-L-2 57.3 58.8 -1.51 0.518 30 30 4.11 3132 
    10-12 vs. 10-12-S-1 57.3 58.8 -1.56 0.518 30 30 4.27 3132 
    10-12 vs. 10-12-S-2 57.3 58.9 -1.65 0.518 30 30 4.51 3132 
    10-12-R-1 vs. 10-12-R-2 58.7 58.9 -0.205 0.518 30 30 0.561 3132 
    10-12-R-1 vs. 10-12-L-1 58.7 58.9 -0.182 0.518 30 30 0.498 3132 
    10-12-R-1 vs. 10-12-L-2 58.7 58.8 -0.118 0.518 30 30 0.321 3132 
    10-12-R-1 vs. 10-12-S-1 58.7 58.8 -0.175 0.518 30 30 0.479 3132 
    10-12-R-1 vs. 10-12-S-2 58.7 58.9 -0.266 0.518 30 30 0.725 3132 
    10-12-R-2 vs. 10-12-L-1 58.9 58.9 0.023 0.518 30 30 0.0628 3132 
    10-12-R-2 vs. 10-12-L-2 58.9 58.8 0.0877 0.518 30 30 0.239 3132 
206 
 
    10-12-R-2 vs. 10-12-S-1 58.9 58.8 0.03 0.518 30 30 0.0819 3132 
    10-12-R-2 vs. 10-12-S-2 58.9 58.9 -0.0603 0.518 30 30 0.165 3132 
    10-12-L-1 vs. 10-12-L-2 58.9 58.8 0.0647 0.518 30 30 0.177 3132 
    10-12-L-1 vs. 10-12-S-1 58.9 58.8 0.007 0.518 30 30 0.0191 3132 
    10-12-L-1 vs. 10-12-S-2 58.9 58.9 -0.0833 0.518 30 30 0.228 3132 
    10-12-L-2 vs. 10-12-S-1 58.8 58.8 -0.0577 0.518 30 30 0.157 3132 
    10-12-L-2 vs. 10-12-S-2 58.8 58.9 -0.148 0.518 30 30 0.404 3132 
    10-12-S-1 vs. 10-12-S-2 58.8 58.9 -0.0903 0.518 30 30 0.247 3132 
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    10-12 vs. 10-12-R-1 58.7 59.2 -0.471 0.518 30 30 1.29 3132 
    10-12 vs. 10-12-R-2 58.7 59.3 -0.505 0.518 30 30 1.38 3132 
    10-12 vs. 10-12-L-1 58.7 59.2 -0.46 0.518 30 30 1.26 3132 
    10-12 vs. 10-12-L-2 58.7 59.2 -0.464 0.518 30 30 1.27 3132 
    10-12 vs. 10-12-S-1 58.7 59.2 -0.488 0.518 30 30 1.33 3132 
    10-12 vs. 10-12-S-2 58.7 59.3 -0.515 0.518 30 30 1.41 3132 
    10-12-R-1 vs. 10-12-R-2 59.2 59.3 -0.0333 0.518 30 30 0.091 3132 
    10-12-R-1 vs. 10-12-L-1 59.2 59.2 0.0113 0.518 30 30 0.0309 3132 
    10-12-R-1 vs. 10-12-L-2 59.2 59.2 0.007 0.518 30 30 0.0191 3132 
    10-12-R-1 vs. 10-12-S-1 59.2 59.2 -0.0163 0.518 30 30 0.0446 3132 
    10-12-R-1 vs. 10-12-S-2 59.2 59.3 -0.0437 0.518 30 30 0.119 3132 
    10-12-R-2 vs. 10-12-L-1 59.3 59.2 0.0447 0.518 30 30 0.122 3132 
    10-12-R-2 vs. 10-12-L-2 59.3 59.2 0.0403 0.518 30 30 0.11 3132 
    10-12-R-2 vs. 10-12-S-1 59.3 59.2 0.017 0.518 30 30 0.0464 3132 
    10-12-R-2 vs. 10-12-S-2 59.3 59.3 -0.0103 0.518 30 30 0.0282 3132 
    10-12-L-1 vs. 10-12-L-2 59.2 59.2 -0.00433 0.518 30 30 0.0118 3132 
    10-12-L-1 vs. 10-12-S-1 59.2 59.2 -0.0277 0.518 30 30 0.0755 3132 
207 
 
    10-12-L-1 vs. 10-12-S-2 59.2 59.3 -0.055 0.518 30 30 0.15 3132 
    10-12-L-2 vs. 10-12-S-1 59.2 59.2 -0.0233 0.518 30 30 0.0637 3132 
    10-12-L-2 vs. 10-12-S-2 59.2 59.3 -0.0507 0.518 30 30 0.138 3132 
    10-12-S-1 vs. 10-12-S-2 59.2 59.3 -0.0273 0.518 30 30 0.0746 3132 
        
17 
       
    10-12 vs. 10-12-R-1 59.1 59.2 -0.12 0.518 30 30 0.329 3132 
    10-12 vs. 10-12-R-2 59.1 59.2 -0.11 0.518 30 30 0.299 3132 
    10-12 vs. 10-12-L-1 59.1 59.2 -0.105 0.518 30 30 0.287 3132 
    10-12 vs. 10-12-L-2 59.1 59.2 -0.11 0.518 30 30 0.301 3132 
    10-12 vs. 10-12-S-1 59.1 59.2 -0.11 0.518 30 30 0.3 3132 
    10-12 vs. 10-12-S-2 59.1 59.3 -0.142 0.518 30 30 0.389 3132 
    10-12-R-1 vs. 10-12-R-2 59.2 59.2 0.0107 0.518 30 30 0.0291 3132 
    10-12-R-1 vs. 10-12-L-1 59.2 59.2 0.0153 0.518 30 30 0.0419 3132 
    10-12-R-1 vs. 10-12-L-2 59.2 59.2 0.01 0.518 30 30 0.0273 3132 
    10-12-R-1 vs. 10-12-S-1 59.2 59.2 0.0103 0.518 30 30 0.0282 3132 
    10-12-R-1 vs. 10-12-S-2 59.2 59.3 -0.022 0.518 30 30 0.0601 3132 
    10-12-R-2 vs. 10-12-L-1 59.2 59.2 0.00467 0.518 30 30 0.0127 3132 
    10-12-R-2 vs. 10-12-L-2 59.2 59.2 -0.000667 0.518 30 30 0.00182 3132 
    10-12-R-2 vs. 10-12-S-1 59.2 59.2 -0.000333 0.518 30 30 0.00091 3132 
    10-12-R-2 vs. 10-12-S-2 59.2 59.3 -0.0327 0.518 30 30 0.0892 3132 
    10-12-L-1 vs. 10-12-L-2 59.2 59.2 -0.00533 0.518 30 30 0.0146 3132 
    10-12-L-1 vs. 10-12-S-1 59.2 59.2 -0.005 0.518 30 30 0.0137 3132 
    10-12-L-1 vs. 10-12-S-2 59.2 59.3 -0.0373 0.518 30 30 0.102 3132 
    10-12-L-2 vs. 10-12-S-1 59.2 59.2 0.000333 0.518 30 30 0.00091 3132 
    10-12-L-2 vs. 10-12-S-2 59.2 59.3 -0.032 0.518 30 30 0.0874 3132 
    10-12-S-1 vs. 10-12-S-2 59.2 59.3 -0.0323 0.518 30 30 0.0883 3132 




       
    10-12 vs. 10-12-R-1 59.1 59.2 -0.0683 0.518 30 30 0.187 3132 
    10-12 vs. 10-12-R-2 59.1 59.2 -0.063 0.518 30 30 0.172 3132 
    10-12 vs. 10-12-L-1 59.1 59.2 -0.0467 0.518 30 30 0.127 3132 
    10-12 vs. 10-12-L-2 59.1 59.2 -0.0303 0.518 30 30 0.0828 3132 
    10-12 vs. 10-12-S-1 59.1 59.2 -0.0667 0.518 30 30 0.182 3132 
    10-12 vs. 10-12-S-2 59.1 59.2 -0.057 0.518 30 30 0.156 3132 
    10-12-R-1 vs. 10-12-R-2 59.2 59.2 0.00533 0.518 30 30 0.0146 3132 
    10-12-R-1 vs. 10-12-L-1 59.2 59.2 0.0217 0.518 30 30 0.0592 3132 
    10-12-R-1 vs. 10-12-L-2 59.2 59.2 0.038 0.518 30 30 0.104 3132 
    10-12-R-1 vs. 10-12-S-1 59.2 59.2 0.00167 0.518 30 30 0.00455 3132 
    10-12-R-1 vs. 10-12-S-2 59.2 59.2 0.0113 0.518 30 30 0.0309 3132 
    10-12-R-2 vs. 10-12-L-1 59.2 59.2 0.0163 0.518 30 30 0.0446 3132 
    10-12-R-2 vs. 10-12-L-2 59.2 59.2 0.0327 0.518 30 30 0.0892 3132 
    10-12-R-2 vs. 10-12-S-1 59.2 59.2 -0.00367 0.518 30 30 0.01 3132 
    10-12-R-2 vs. 10-12-S-2 59.2 59.2 0.006 0.518 30 30 0.0164 3132 
    10-12-L-1 vs. 10-12-L-2 59.2 59.2 0.0163 0.518 30 30 0.0446 3132 
    10-12-L-1 vs. 10-12-S-1 59.2 59.2 -0.02 0.518 30 30 0.0546 3132 
    10-12-L-1 vs. 10-12-S-2 59.2 59.2 -0.0103 0.518 30 30 0.0282 3132 
    10-12-L-2 vs. 10-12-S-1 59.2 59.2 -0.0363 0.518 30 30 0.0992 3132 
    10-12-L-2 vs. 10-12-S-2 59.2 59.2 -0.0267 0.518 30 30 0.0728 3132 




APPENDIX C. TUKEY’S MULTIPLE COMPARISON TEST ON TRAVEL 
TIME 
Table C. 1. Tukey’s Multiple Comparison Test on Travel Time for Combination 12-12 
Tukey's multiple comparisons test Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P Value 
  ramp      
    12-12-60 vs. 12-12-R-1 71.3 63.7 to 78.9 Yes **** <0.0001 
    12-12-60 vs. 12-12-R-2 77.9 70.3 to 85.5 Yes **** <0.0001 
    12-12-60 vs. 12-12-L-1 71.3 63.7 to 78.9 Yes **** <0.0001 
    12-12-60 vs. 12-12-L-2 74 66.3 to 81.6 Yes **** <0.0001 
    12-12-60 vs. 12-12-S-1 71.3 63.7 to 78.9 Yes **** <0.0001 
    12-12-60 vs. 12-12-S-2 78.9 71.3 to 86.5 Yes **** <0.0001 
    12-12-R-1 vs. 12-12-R-2 6.67 -0.952 to 14.3 No ns 0.1311 
    12-12-R-1 vs. 12-12-L-1 0.057 -7.56 to 7.67 No ns >0.9999 
    12-12-R-1 vs. 12-12-L-2 2.7 -4.92 to 10.3 No ns 0.9426 
    12-12-R-1 vs. 12-12-S-1 0.0293 -7.59 to 7.65 No ns >0.9999 
    12-12-R-1 vs. 12-12-S-2 7.66 0.0382 to 15.3 Yes * 0.0479 
    12-12-R-2 vs. 12-12-L-1 -6.61 -14.2 to 1.01 No ns 0.1381 
    12-12-R-2 vs. 12-12-L-2 -3.97 -11.6 to 3.65 No ns 0.7189 
    12-12-R-2 vs. 12-12-S-1 -6.64 -14.3 to 0.981 No ns 0.1347 
    12-12-R-2 vs. 12-12-S-2 0.99 -6.63 to 8.61 No ns 0.9997 
    12-12-L-1 vs. 12-12-L-2 2.64 -4.98 to 10.3 No ns 0.9481 
    12-12-L-1 vs. 12-12-S-1 -0.0277 -7.64 to 7.59 No ns >0.9999 
    12-12-L-1 vs. 12-12-S-2 7.6 -0.0188 to 15.2 No ns 0.051 
    12-12-L-2 vs. 12-12-S-1 -2.67 -10.3 to 4.95 No ns 0.9455 
    12-12-L-2 vs. 12-12-S-2 4.96 -2.66 to 12.6 No ns 0.4632 
    12-12-S-1 vs. 12-12-S-2 7.63 0.00884 to 15.2 Yes * 0.0495 
  up      
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    12-12-60 vs. 12-12-R-1 -6.57 -14.2 to 1.04 No ns 0.1424 
    12-12-60 vs. 12-12-R-2 -4.94 -12.6 to 2.68 No ns 0.4688 
    12-12-60 vs. 12-12-L-1 -6.31 -13.9 to 1.31 No ns 0.1797 
    12-12-60 vs. 12-12-L-2 -5.81 -13.4 to 1.81 No ns 0.2673 
    12-12-60 vs. 12-12-S-1 -6.41 -14 to 1.21 No ns 0.1653 
    12-12-60 vs. 12-12-S-2 -4.23 -11.8 to 3.39 No ns 0.6542 
    12-12-R-1 vs. 12-12-R-2 1.64 -5.98 to 9.25 No ns 0.9956 
    12-12-R-1 vs. 12-12-L-1 0.267 -7.35 to 7.88 No ns >0.9999 
    12-12-R-1 vs. 12-12-L-2 0.767 -6.85 to 8.38 No ns >0.9999 
    12-12-R-1 vs. 12-12-S-1 0.169 -7.45 to 7.79 No ns >0.9999 
    12-12-R-1 vs. 12-12-S-2 2.35 -5.27 to 9.96 No ns 0.9707 
    12-12-R-2 vs. 12-12-L-1 -1.37 -8.99 to 6.25 No ns 0.9984 
    12-12-R-2 vs. 12-12-L-2 -0.87 -8.49 to 6.75 No ns 0.9999 
    12-12-R-2 vs. 12-12-S-1 -1.47 -9.08 to 6.15 No ns 0.9976 
    12-12-R-2 vs. 12-12-S-2 0.709 -6.91 to 8.33 No ns >0.9999 
    12-12-L-1 vs. 12-12-L-2 0.5 -7.12 to 8.12 No ns >0.9999 
    12-12-L-1 vs. 12-12-S-1 -0.0977 -7.71 to 7.52 No ns >0.9999 
    12-12-L-1 vs. 12-12-S-2 2.08 -5.54 to 9.7 No ns 0.9841 
    12-12-L-2 vs. 12-12-S-1 -0.598 -8.21 to 7.02 No ns >0.9999 
    12-12-L-2 vs. 12-12-S-2 1.58 -6.04 to 9.2 No ns 0.9964 
    12-12-S-1 vs. 12-12-S-2 2.18 -5.44 to 9.79 No ns 0.9799 
  down      
    12-12-60 vs. 12-12-R-1 -0.028 -7.64 to 7.59 No ns >0.9999 
    12-12-60 vs. 12-12-R-2 1.68 -5.93 to 9.3 No ns 0.9948 
    12-12-60 vs. 12-12-L-1 0.394 -7.22 to 8.01 No ns >0.9999 
    12-12-60 vs. 12-12-L-2 1.13 -6.49 to 8.74 No ns 0.9995 
    12-12-60 vs. 12-12-S-1 -0.42 -8.04 to 7.2 No ns >0.9999 
211 
 
    12-12-60 vs. 12-12-S-2 2.5 -5.11 to 10.1 No ns 0.9596 
    12-12-R-1 vs. 12-12-R-2 1.71 -5.9 to 9.33 No ns 0.9944 
    12-12-R-1 vs. 12-12-L-1 0.422 -7.2 to 8.04 No ns >0.9999 
    12-12-R-1 vs. 12-12-L-2 1.16 -6.46 to 8.77 No ns 0.9994 
    12-12-R-1 vs. 12-12-S-1 -0.392 -8.01 to 7.23 No ns >0.9999 
    12-12-R-1 vs. 12-12-S-2 2.53 -5.08 to 10.1 No ns 0.9574 
    12-12-R-2 vs. 12-12-L-1 -1.29 -8.91 to 6.33 No ns 0.9988 
    12-12-R-2 vs. 12-12-L-2 -0.557 -8.17 to 7.06 No ns >0.9999 
    12-12-R-2 vs. 12-12-S-1 -2.1 -9.72 to 5.51 No ns 0.9831 
    12-12-R-2 vs. 12-12-S-2 0.82 -6.8 to 8.44 No ns >0.9999 
    12-12-L-1 vs. 12-12-L-2 0.734 -6.88 to 8.35 No ns >0.9999 
    12-12-L-1 vs. 12-12-S-1 -0.813 -8.43 to 6.8 No ns >0.9999 
    12-12-L-1 vs. 12-12-S-2 2.11 -5.51 to 9.73 No ns 0.9829 
    12-12-L-2 vs. 12-12-S-1 -1.55 -9.16 to 6.07 No ns 0.9968 
    12-12-L-2 vs. 12-12-S-2 1.38 -6.24 to 8.99 No ns 0.9983 
    12-12-S-1 vs. 12-12-S-2 2.92 -4.69 to 10.5 No ns 0.9167 
 
Table C. 2. Tukey’s Multiple Comparison Test on Travel Time for Combination 12-10 
Tukey's multiple comparisons test Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P Value 
  ramp 
     
    12-10 vs. 12-10-R-1 83.7 76.4 to 90.9 Yes **** <0.0001 
    12-10 vs. 12-10-R-2 85 77.8 to 92.2 Yes **** <0.0001 
    12-10 vs. 12-10-L-1 75.3 68.1 to 82.6 Yes **** <0.0001 
    12-10 vs. 12-10-L-2 88.6 81.4 to 95.9 Yes **** <0.0001 
    12-10 vs. 12-10-S-1 89.3 82.1 to 96.6 Yes **** <0.0001 
    12-10 vs. 12-10-S-2 86.2 79 to 93.4 Yes **** <0.0001 
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    12-10-R-1 vs. 12-10-R-2 1.33 -5.9 to 8.57 No ns 0.9981 
    12-10-R-1 vs. 12-10-L-1 -8.33 -15.6 to -1.1 Yes * 0.0123 
    12-10-R-1 vs. 12-10-L-2 4.97 -2.26 to 12.2 No ns 0.395 
    12-10-R-1 vs. 12-10-S-1 5.67 -1.56 to 12.9 No ns 0.2365 
    12-10-R-1 vs. 12-10-S-2 2.53 -4.7 to 9.76 No ns 0.9457 
    12-10-R-2 vs. 12-10-L-1 -9.67 -16.9 to -2.44 Yes ** 0.0017 
    12-10-R-2 vs. 12-10-L-2 3.63 -3.6 to 10.9 No ns 0.7527 
    12-10-R-2 vs. 12-10-S-1 4.33 -2.9 to 11.6 No ns 0.5667 
    12-10-R-2 vs. 12-10-S-2 1.19 -6.04 to 8.43 No ns 0.999 
    12-10-L-1 vs. 12-10-L-2 13.3 6.07 to 20.5 Yes **** <0.0001 
    12-10-L-1 vs. 12-10-S-1 14 6.77 to 21.2 Yes **** <0.0001 
    12-10-L-1 vs. 12-10-S-2 10.9 3.63 to 18.1 Yes *** 0.0002 
    12-10-L-2 vs. 12-10-S-1 0.7 -6.53 to 7.93 No ns >0.9999 
    12-10-L-2 vs. 12-10-S-2 -2.44 -9.67 to 4.79 No ns 0.9544 
    12-10-S-1 vs. 12-10-S-2 -3.14 -10.4 to 4.09 No ns 0.859 
     
  up 
     
    12-10 vs. 12-10-R-1 -1.7 -8.94 to 5.53 No ns 0.9927 
    12-10 vs. 12-10-R-2 -1.58 -8.81 to 5.66 No ns 0.9953 
    12-10 vs. 12-10-L-1 -4.39 -11.6 to 2.84 No ns 0.5512 
    12-10 vs. 12-10-L-2 -0.705 -7.94 to 6.53 No ns >0.9999 
    12-10 vs. 12-10-S-1 -0.552 -7.78 to 6.68 No ns >0.9999 
    12-10 vs. 12-10-S-2 -1.93 -9.16 to 5.3 No ns 0.986 
    12-10-R-1 vs. 12-10-R-2 0.128 -7.1 to 7.36 No ns >0.9999 
    12-10-R-1 vs. 12-10-L-1 -2.69 -9.92 to 4.55 No ns 0.9283 
    12-10-R-1 vs. 12-10-L-2 0.999 -6.23 to 8.23 No ns 0.9996 
    12-10-R-1 vs. 12-10-S-1 1.15 -6.08 to 8.38 No ns 0.9992 
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    12-10-R-1 vs. 12-10-S-2 -0.224 -7.46 to 7.01 No ns >0.9999 
    12-10-R-2 vs. 12-10-L-1 -2.81 -10 to 4.42 No ns 0.9115 
    12-10-R-2 vs. 12-10-L-2 0.87 -6.36 to 8.1 No ns 0.9998 
    12-10-R-2 vs. 12-10-S-1 1.02 -6.21 to 8.26 No ns 0.9996 
    12-10-R-2 vs. 12-10-S-2 -0.353 -7.58 to 6.88 No ns >0.9999 
    12-10-L-1 vs. 12-10-L-2 3.68 -3.55 to 10.9 No ns 0.7401 
    12-10-L-1 vs. 12-10-S-1 3.84 -3.39 to 11.1 No ns 0.7013 
    12-10-L-1 vs. 12-10-S-2 2.46 -4.77 to 9.69 No ns 0.9523 
    12-10-L-2 vs. 12-10-S-1 0.153 -7.08 to 7.38 No ns >0.9999 
    12-10-L-2 vs. 12-10-S-2 -1.22 -8.45 to 6.01 No ns 0.9988 
    12-10-S-1 vs. 12-10-S-2 -1.38 -8.61 to 5.86 No ns 0.9978 
     
  down 
     
    12-10 vs. 12-10-R-1 7.02 -0.215 to 14.2 No ns 0.0639 
    12-10 vs. 12-10-R-2 7.79 0.562 to 15 Yes * 0.0252 
    12-10 vs. 12-10-L-1 3.41 -3.82 to 10.6 No ns 0.8032 
    12-10 vs. 12-10-L-2 9.43 2.2 to 16.7 Yes ** 0.0024 
    12-10 vs. 12-10-S-1 9.84 2.61 to 17.1 Yes ** 0.0013 
    12-10 vs. 12-10-S-2 7.5 0.265 to 14.7 Yes * 0.0365 
    12-10-R-1 vs. 12-10-R-2 0.777 -6.45 to 8.01 No ns >0.9999 
    12-10-R-1 vs. 12-10-L-1 -3.6 -10.8 to 3.63 No ns 0.76 
    12-10-R-1 vs. 12-10-L-2 2.41 -4.82 to 9.64 No ns 0.9566 
    12-10-R-1 vs. 12-10-S-1 2.82 -4.41 to 10.1 No ns 0.9106 
    12-10-R-1 vs. 12-10-S-2 0.48 -6.75 to 7.71 No ns >0.9999 
    12-10-R-2 vs. 12-10-L-1 -4.38 -11.6 to 2.85 No ns 0.5538 
    12-10-R-2 vs. 12-10-L-2 1.64 -5.6 to 8.87 No ns 0.9942 
    12-10-R-2 vs. 12-10-S-1 2.04 -5.19 to 9.28 No ns 0.981 
214 
 
    12-10-R-2 vs. 12-10-S-2 -0.297 -7.53 to 6.93 No ns >0.9999 
    12-10-L-1 vs. 12-10-L-2 6.01 -1.22 to 13.2 No ns 0.1756 
    12-10-L-1 vs. 12-10-S-1 6.42 -0.809 to 13.7 No ns 0.1195 
    12-10-L-1 vs. 12-10-S-2 4.08 -3.15 to 11.3 No ns 0.6359 
    12-10-L-2 vs. 12-10-S-1 0.408 -6.82 to 7.64 No ns >0.9999 
    12-10-L-2 vs. 12-10-S-2 -1.93 -9.16 to 5.3 No ns 0.9858 
    12-10-S-1 vs. 12-10-S-2 -2.34 -9.57 to 4.89 No ns 0.9625 
 
Table C. 3. Tukey’s Multiple Comparison Test on Travel Time for Combination 10-12 
Tukey's multiple comparisons test Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P Value 
  ramp      
    10-12 vs. 10-12-R-1 40.7 38.3 to 43 Yes **** <0.0001 
    10-12 vs. 10-12-R-2 41.3 39 to 43.7 Yes **** <0.0001 
    10-12 vs. 10-12-L-1 41.7 39.4 to 44.1 Yes **** <0.0001 
    10-12 vs. 10-12-L-2 41.9 39.5 to 44.2 Yes **** <0.0001 
    10-12 vs. 10-12-S-1 41.8 39.5 to 44.2 Yes **** <0.0001 
    10-12 vs. 10-12-S-2 41.9 39.6 to 44.3 Yes **** <0.0001 
    10-12-R-1 vs. 10-12-R-2 0.657 -1.69 to 3 No ns 0.9819 
    10-12-R-1 vs. 10-12-L-1 1.07 -1.28 to 3.42 No ns 0.8284 
    10-12-R-1 vs. 10-12-L-2 1.21 -1.14 to 3.56 No ns 0.7292 
    10-12-R-1 vs. 10-12-S-1 1.17 -1.18 to 3.52 No ns 0.7597 
    10-12-R-1 vs. 10-12-S-2 1.29 -1.06 to 3.63 No ns 0.6687 
    10-12-R-2 vs. 10-12-L-1 0.412 -1.93 to 2.76 No ns 0.9986 
    10-12-R-2 vs. 10-12-L-2 0.553 -1.79 to 2.9 No ns 0.9928 
    10-12-R-2 vs. 10-12-S-1 0.512 -1.83 to 2.86 No ns 0.9952 
    10-12-R-2 vs. 10-12-S-2 0.628 -1.72 to 2.98 No ns 0.9857 
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    10-12-L-1 vs. 10-12-L-2 0.14 -2.21 to 2.49 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-1 0.1 -2.25 to 2.45 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-2 0.216 -2.13 to 2.56 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-1 -0.0403 -2.39 to 2.31 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-2 0.0757 -2.27 to 2.42 No ns >0.9999 
    10-12-S-1 vs. 10-12-S-2 0.116 -2.23 to 2.46 No ns >0.9999 
      
  up      
    10-12 vs. 10-12-R-1 -0.14 -2.49 to 2.21 No ns >0.9999 
    10-12 vs. 10-12-R-2 0.0217 -2.33 to 2.37 No ns >0.9999 
    10-12 vs. 10-12-L-1 0.00667 -2.34 to 2.35 No ns >0.9999 
    10-12 vs. 10-12-L-2 -0.0137 -2.36 to 2.33 No ns >0.9999 
    10-12 vs. 10-12-S-1 -0.00633 -2.35 to 2.34 No ns >0.9999 
    10-12 vs. 10-12-S-2 -0.0447 -2.39 to 2.3 No ns >0.9999 
    10-12-R-1 vs. 10-12-R-2 0.162 -2.19 to 2.51 No ns >0.9999 
    10-12-R-1 vs. 10-12-L-1 0.147 -2.2 to 2.49 No ns >0.9999 
    10-12-R-1 vs. 10-12-L-2 0.127 -2.22 to 2.47 No ns >0.9999 
    10-12-R-1 vs. 10-12-S-1 0.134 -2.21 to 2.48 No ns >0.9999 
    10-12-R-1 vs. 10-12-S-2 0.0957 -2.25 to 2.44 No ns >0.9999 
    10-12-R-2 vs. 10-12-L-1 -0.015 -2.36 to 2.33 No ns >0.9999 
    10-12-R-2 vs. 10-12-L-2 -0.0353 -2.38 to 2.31 No ns >0.9999 
    10-12-R-2 vs. 10-12-S-1 -0.028 -2.38 to 2.32 No ns >0.9999 
    10-12-R-2 vs. 10-12-S-2 -0.0663 -2.41 to 2.28 No ns >0.9999 
    10-12-L-1 vs. 10-12-L-2 -0.0203 -2.37 to 2.33 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-1 -0.013 -2.36 to 2.33 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-2 -0.0513 -2.4 to 2.3 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-1 0.00733 -2.34 to 2.35 No ns >0.9999 
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    10-12-L-2 vs. 10-12-S-2 -0.031 -2.38 to 2.32 No ns >0.9999 
    10-12-S-1 vs. 10-12-S-2 -0.0383 -2.39 to 2.31 No ns >0.9999 
      
  down      
    10-12 vs. 10-12-R-1 9.67 7.32 to 12 Yes **** <0.0001 
    10-12 vs. 10-12-R-2 10 7.7 to 12.4 Yes **** <0.0001 
    10-12 vs. 10-12-L-1 10.1 7.75 to 12.4 Yes **** <0.0001 
    10-12 vs. 10-12-L-2 9.98 7.63 to 12.3 Yes **** <0.0001 
    10-12 vs. 10-12-S-1 10.1 7.72 to 12.4 Yes **** <0.0001 
    10-12 vs. 10-12-S-2 10.2 7.8 to 12.5 Yes **** <0.0001 
    10-12-R-1 vs. 10-12-R-2 0.382 -1.96 to 2.73 No ns 0.9991 
    10-12-R-1 vs. 10-12-L-1 0.432 -1.91 to 2.78 No ns 0.9981 
    10-12-R-1 vs. 10-12-L-2 0.317 -2.03 to 2.66 No ns 0.9997 
    10-12-R-1 vs. 10-12-S-1 0.404 -1.94 to 2.75 No ns 0.9987 
    10-12-R-1 vs. 10-12-S-2 0.485 -1.86 to 2.83 No ns 0.9964 
    10-12-R-2 vs. 10-12-L-1 0.05 -2.3 to 2.4 No ns >0.9999 
    10-12-R-2 vs. 10-12-L-2 -0.0657 -2.41 to 2.28 No ns >0.9999 
    10-12-R-2 vs. 10-12-S-1 0.0217 -2.33 to 2.37 No ns >0.9999 
    10-12-R-2 vs. 10-12-S-2 0.103 -2.24 to 2.45 No ns >0.9999 
    10-12-L-1 vs. 10-12-L-2 -0.116 -2.46 to 2.23 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-1 -0.0283 -2.38 to 2.32 No ns >0.9999 
    10-12-L-1 vs. 10-12-S-2 0.0527 -2.29 to 2.4 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-1 0.0873 -2.26 to 2.43 No ns >0.9999 
    10-12-L-2 vs. 10-12-S-2 0.168 -2.18 to 2.52 No ns >0.9999 




APPENDIX D. TUKEY’S MULTIPLE COMPARISON STATISTICAL 
ANALYSIS ON TRAVEL TIME  
Table D. 1. Tukey’s Test Details for Combination 12-12 
Test details Mean 1 Mean 2 Mean Diff. SE of diff. N1 N2 q DF 
  ramp         
    12-12-60 vs. 12-12-R-1 106 34.9 71.3 2.57 30 30 39.2 522 
    12-12-60 vs. 12-12-R-2 106 28.2 77.9 2.57 30 30 42.8 522 
    12-12-60 vs. 12-12-L-1 106 34.8 71.3 2.57 30 30 39.2 522 
    12-12-60 vs. 12-12-L-2 106 32.2 74 2.57 30 30 40.6 522 
    12-12-60 vs. 12-12-S-1 106 34.9 71.3 2.57 30 30 39.2 522 
    12-12-60 vs. 12-12-S-2 106 27.2 78.9 2.57 30 30 43.4 522 
    12-12-R-1 vs. 12-12-R-2 34.9 28.2 6.67 2.57 30 30 3.66 522 
    12-12-R-1 vs. 12-12-L-1 34.9 34.8 0.057 2.57 30 30 0.0313 522 
    12-12-R-1 vs. 12-12-L-2 34.9 32.2 2.7 2.57 30 30 1.48 522 
    12-12-R-1 vs. 12-12-S-1 34.9 34.9 0.0293 2.57 30 30 0.0161 522 
    12-12-R-1 vs. 12-12-S-2 34.9 27.2 7.66 2.57 30 30 4.21 522 
    12-12-R-2 vs. 12-12-L-1 28.2 34.8 -6.61 2.57 30 30 3.63 522 
    12-12-R-2 vs. 12-12-L-2 28.2 32.2 -3.97 2.57 30 30 2.18 522 
    12-12-R-2 vs. 12-12-S-1 28.2 34.9 -6.64 2.57 30 30 3.65 522 
    12-12-R-2 vs. 12-12-S-2 28.2 27.2 0.99 2.57 30 30 0.544 522 
    12-12-L-1 vs. 12-12-L-2 34.8 32.2 2.64 2.57 30 30 1.45 522 
    12-12-L-1 vs. 12-12-S-1 34.8 34.9 -0.0277 2.57 30 30 0.0152 522 
    12-12-L-1 vs. 12-12-S-2 34.8 27.2 7.6 2.57 30 30 4.18 522 
    12-12-L-2 vs. 12-12-S-1 32.2 34.9 -2.67 2.57 30 30 1.47 522 
    12-12-L-2 vs. 12-12-S-2 32.2 27.2 4.96 2.57 30 30 2.73 522 
    12-12-S-1 vs. 12-12-S-2 34.9 27.2 7.63 2.57 30 30 4.19 522 
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  up         
    12-12-60 vs. 12-12-R-1 17.7 24.3 -6.57 2.57 30 30 3.61 522 
    12-12-60 vs. 12-12-R-2 17.7 22.6 -4.94 2.57 30 30 2.71 522 
    12-12-60 vs. 12-12-L-1 17.7 24 -6.31 2.57 30 30 3.47 522 
    12-12-60 vs. 12-12-L-2 17.7 23.5 -5.81 2.57 30 30 3.19 522 
    12-12-60 vs. 12-12-S-1 17.7 24.1 -6.41 2.57 30 30 3.52 522 
    12-12-60 vs. 12-12-S-2 17.7 21.9 -4.23 2.57 30 30 2.32 522 
    12-12-R-1 vs. 12-12-R-2 24.3 22.6 1.64 2.57 30 30 0.9 522 
    12-12-R-1 vs. 12-12-L-1 24.3 24 0.267 2.57 30 30 0.147 522 
    12-12-R-1 vs. 12-12-L-2 24.3 23.5 0.767 2.57 30 30 0.421 522 
    12-12-R-1 vs. 12-12-S-1 24.3 24.1 0.169 2.57 30 30 0.0929 522 
    12-12-R-1 vs. 12-12-S-2 24.3 21.9 2.35 2.57 30 30 1.29 522 
    12-12-R-2 vs. 12-12-L-1 22.6 24 -1.37 2.57 30 30 0.753 522 
    12-12-R-2 vs. 12-12-L-2 22.6 23.5 -0.87 2.57 30 30 0.478 522 
    12-12-R-2 vs. 12-12-S-1 22.6 24.1 -1.47 2.57 30 30 0.807 522 
    12-12-R-2 vs. 12-12-S-2 22.6 21.9 0.709 2.57 30 30 0.389 522 
    12-12-L-1 vs. 12-12-L-2 24 23.5 0.5 2.57 30 30 0.275 522 
    12-12-L-1 vs. 12-12-S-1 24 24.1 -0.0977 2.57 30 30 0.0537 522 
    12-12-L-1 vs. 12-12-S-2 24 21.9 2.08 2.57 30 30 1.14 522 
    12-12-L-2 vs. 12-12-S-1 23.5 24.1 -0.598 2.57 30 30 0.328 522 
    12-12-L-2 vs. 12-12-S-2 23.5 21.9 1.58 2.57 30 30 0.868 522 
    12-12-S-1 vs. 12-12-S-2 24.1 21.9 2.18 2.57 30 30 1.2 522 
  down         
    12-12-60 vs. 12-12-R-1 20.8 20.8 -0.028 2.57 30 30 0.0154 522 
    12-12-60 vs. 12-12-R-2 20.8 19.1 1.68 2.57 30 30 0.926 522 
    12-12-60 vs. 12-12-L-1 20.8 20.4 0.394 2.57 30 30 0.216 522 
    12-12-60 vs. 12-12-L-2 20.8 19.6 1.13 2.57 30 30 0.62 522 
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    12-12-60 vs. 12-12-S-1 20.8 21.2 -0.42 2.57 30 30 0.231 522 
    12-12-60 vs. 12-12-S-2 20.8 18.2 2.5 2.57 30 30 1.38 522 
    12-12-R-1 vs. 12-12-R-2 20.8 19.1 1.71 2.57 30 30 0.941 522 
    12-12-R-1 vs. 12-12-L-1 20.8 20.4 0.422 2.57 30 30 0.232 522 
    12-12-R-1 vs. 12-12-L-2 20.8 19.6 1.16 2.57 30 30 0.635 522 
    12-12-R-1 vs. 12-12-S-1 20.8 21.2 -0.392 2.57 30 30 0.215 522 
    12-12-R-1 vs. 12-12-S-2 20.8 18.2 2.53 2.57 30 30 1.39 522 
    12-12-R-2 vs. 12-12-L-1 19.1 20.4 -1.29 2.57 30 30 0.709 522 
    12-12-R-2 vs. 12-12-L-2 19.1 19.6 -0.557 2.57 30 30 0.306 522 
    12-12-R-2 vs. 12-12-S-1 19.1 21.2 -2.1 2.57 30 30 1.16 522 
    12-12-R-2 vs. 12-12-S-2 19.1 18.2 0.82 2.57 30 30 0.45 522 
    12-12-L-1 vs. 12-12-L-2 20.4 19.6 0.734 2.57 30 30 0.403 522 
    12-12-L-1 vs. 12-12-S-1 20.4 21.2 -0.813 2.57 30 30 0.447 522 
    12-12-L-1 vs. 12-12-S-2 20.4 18.2 2.11 2.57 30 30 1.16 522 
    12-12-L-2 vs. 12-12-S-1 19.6 21.2 -1.55 2.57 30 30 0.85 522 
    12-12-L-2 vs. 12-12-S-2 19.6 18.2 1.38 2.57 30 30 0.756 522 
    12-12-S-1 vs. 12-12-S-2 21.2 18.2 2.92 2.57 30 30 1.61 522 
 
Table D. 2. Tukey’s Test Details for Combination 12-10 
Test details Mean 1 Mean 2 Mean Diff. SE of diff. N1 N2 q DF 
         
  ramp 
        
    12-10 vs. 12-10-R-1 101 17.2 83.7 2.44 30 30 48.4 522 
    12-10 vs. 12-10-R-2 101 15.9 85 2.44 30 30 49.2 522 
    12-10 vs. 12-10-L-1 101 25.6 75.3 2.44 30 30 43.6 522 
    12-10 vs. 12-10-L-2 101 12.3 88.6 2.44 30 30 51.3 522 
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    12-10 vs. 12-10-S-1 101 11.6 89.3 2.44 30 30 51.7 522 
    12-10 vs. 12-10-S-2 101 14.7 86.2 2.44 30 30 49.9 522 
    12-10-R-1 vs. 12-10-R-2 17.2 15.9 1.33 2.44 30 30 0.773 522 
    12-10-R-1 vs. 12-10-L-1 17.2 25.6 -8.33 2.44 30 30 4.82 522 
    12-10-R-1 vs. 12-10-L-2 17.2 12.3 4.97 2.44 30 30 2.88 522 
    12-10-R-1 vs. 12-10-S-1 17.2 11.6 5.67 2.44 30 30 3.28 522 
    12-10-R-1 vs. 12-10-S-2 17.2 14.7 2.53 2.44 30 30 1.46 522 
    12-10-R-2 vs. 12-10-L-1 15.9 25.6 -9.67 2.44 30 30 5.6 522 
    12-10-R-2 vs. 12-10-L-2 15.9 12.3 3.63 2.44 30 30 2.1 522 
    12-10-R-2 vs. 12-10-S-1 15.9 11.6 4.33 2.44 30 30 2.51 522 
    12-10-R-2 vs. 12-10-S-2 15.9 14.7 1.19 2.44 30 30 0.691 522 
    12-10-L-1 vs. 12-10-L-2 25.6 12.3 13.3 2.44 30 30 7.7 522 
    12-10-L-1 vs. 12-10-S-1 25.6 11.6 14 2.44 30 30 8.1 522 
    12-10-L-1 vs. 12-10-S-2 25.6 14.7 10.9 2.44 30 30 6.29 522 
    12-10-L-2 vs. 12-10-S-1 12.3 11.6 0.7 2.44 30 30 0.405 522 
    12-10-L-2 vs. 12-10-S-2 12.3 14.7 -2.44 2.44 30 30 1.41 522 
    12-10-S-1 vs. 12-10-S-2 11.6 14.7 -3.14 2.44 30 30 1.82 522 
        
  up 
        
    12-10 vs. 12-10-R-1 17.6 19.4 -1.7 2.44 30 30 0.986 522 
    12-10 vs. 12-10-R-2 17.6 19.2 -1.58 2.44 30 30 0.912 522 
    12-10 vs. 12-10-L-1 17.6 22 -4.39 2.44 30 30 2.54 522 
    12-10 vs. 12-10-L-2 17.6 18.4 -0.705 2.44 30 30 0.408 522 
    12-10 vs. 12-10-S-1 17.6 18.2 -0.552 2.44 30 30 0.319 522 
    12-10 vs. 12-10-S-2 17.6 19.6 -1.93 2.44 30 30 1.12 522 
    12-10-R-1 vs. 12-10-R-2 19.4 19.2 0.128 2.44 30 30 0.0743 522 
    12-10-R-1 vs. 12-10-L-1 19.4 22 -2.69 2.44 30 30 1.55 522 
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    12-10-R-1 vs. 12-10-L-2 19.4 18.4 0.999 2.44 30 30 0.578 522 
    12-10-R-1 vs. 12-10-S-1 19.4 18.2 1.15 2.44 30 30 0.667 522 
    12-10-R-1 vs. 12-10-S-2 19.4 19.6 -0.224 2.44 30 30 0.13 522 
    12-10-R-2 vs. 12-10-L-1 19.2 22 -2.81 2.44 30 30 1.63 522 
    12-10-R-2 vs. 12-10-L-2 19.2 18.4 0.87 2.44 30 30 0.504 522 
    12-10-R-2 vs. 12-10-S-1 19.2 18.2 1.02 2.44 30 30 0.592 522 
    12-10-R-2 vs. 12-10-S-2 19.2 19.6 -0.353 2.44 30 30 0.204 522 
    12-10-L-1 vs. 12-10-L-2 22 18.4 3.68 2.44 30 30 2.13 522 
    12-10-L-1 vs. 12-10-S-1 22 18.2 3.84 2.44 30 30 2.22 522 
    12-10-L-1 vs. 12-10-S-2 22 19.6 2.46 2.44 30 30 1.42 522 
    12-10-L-2 vs. 12-10-S-1 18.4 18.2 0.153 2.44 30 30 0.0886 522 
    12-10-L-2 vs. 12-10-S-2 18.4 19.6 -1.22 2.44 30 30 0.708 522 
    12-10-S-1 vs. 12-10-S-2 18.2 19.6 -1.38 2.44 30 30 0.796 522 
        
  down 
        
    12-10 vs. 12-10-R-1 20.3 13.3 7.02 2.44 30 30 4.06 522 
    12-10 vs. 12-10-R-2 20.3 12.5 7.79 2.44 30 30 4.51 522 
    12-10 vs. 12-10-L-1 20.3 16.9 3.41 2.44 30 30 1.98 522 
    12-10 vs. 12-10-L-2 20.3 10.9 9.43 2.44 30 30 5.46 522 
    12-10 vs. 12-10-S-1 20.3 10.5 9.84 2.44 30 30 5.69 522 
    12-10 vs. 12-10-S-2 20.3 12.8 7.5 2.44 30 30 4.34 522 
    12-10-R-1 vs. 12-10-R-2 13.3 12.5 0.777 2.44 30 30 0.45 522 
    12-10-R-1 vs. 12-10-L-1 13.3 16.9 -3.6 2.44 30 30 2.09 522 
    12-10-R-1 vs. 12-10-L-2 13.3 10.9 2.41 2.44 30 30 1.4 522 
    12-10-R-1 vs. 12-10-S-1 13.3 10.5 2.82 2.44 30 30 1.63 522 
    12-10-R-1 vs. 12-10-S-2 13.3 12.8 0.48 2.44 30 30 0.278 522 
    12-10-R-2 vs. 12-10-L-1 12.5 16.9 -4.38 2.44 30 30 2.53 522 
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    12-10-R-2 vs. 12-10-L-2 12.5 10.9 1.64 2.44 30 30 0.947 522 
    12-10-R-2 vs. 12-10-S-1 12.5 10.5 2.04 2.44 30 30 1.18 522 
    12-10-R-2 vs. 12-10-S-2 12.5 12.8 -0.297 2.44 30 30 0.172 522 
    12-10-L-1 vs. 12-10-L-2 16.9 10.9 6.01 2.44 30 30 3.48 522 
    12-10-L-1 vs. 12-10-S-1 16.9 10.5 6.42 2.44 30 30 3.72 522 
    12-10-L-1 vs. 12-10-S-2 16.9 12.8 4.08 2.44 30 30 2.36 522 
    12-10-L-2 vs. 12-10-S-1 10.9 10.5 0.408 2.44 30 30 0.236 522 
    12-10-L-2 vs. 12-10-S-2 10.9 12.8 -1.93 2.44 30 30 1.12 522 
    12-10-S-1 vs. 12-10-S-2 10.5 12.8 -2.34 2.44 30 30 1.35 522 
 
Table D. 3. Tukey’s Test Details for Combination10-12 
Test details Mean 1 Mean 2 Mean Diff. SE of diff. N1 N2 q DF 
         
  ramp         
    10-12 vs. 10-12-R-1 52.5 11.9 40.7 0.793 30 30 72.5 522 
    10-12 vs. 10-12-R-2 52.5 11.2 41.3 0.793 30 30 73.7 522 
    10-12 vs. 10-12-L-1 52.5 10.8 41.7 0.793 30 30 74.4 522 
    10-12 vs. 10-12-L-2 52.5 10.7 41.9 0.793 30 30 74.7 522 
    10-12 vs. 10-12-S-1 52.5 10.7 41.8 0.793 30 30 74.6 522 
    10-12 vs. 10-12-S-2 52.5 10.6 41.9 0.793 30 30 74.8 522 
    10-12-R-1 vs. 10-12-R-2 11.9 11.2 0.657 0.793 30 30 1.17 522 
    10-12-R-1 vs. 10-12-L-1 11.9 10.8 1.07 0.793 30 30 1.91 522 
    10-12-R-1 vs. 10-12-L-2 11.9 10.7 1.21 0.793 30 30 2.16 522 
    10-12-R-1 vs. 10-12-S-1 11.9 10.7 1.17 0.793 30 30 2.09 522 
    10-12-R-1 vs. 10-12-S-2 11.9 10.6 1.29 0.793 30 30 2.29 522 
    10-12-R-2 vs. 10-12-L-1 11.2 10.8 0.412 0.793 30 30 0.735 522 
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    10-12-R-2 vs. 10-12-L-2 11.2 10.7 0.553 0.793 30 30 0.986 522 
    10-12-R-2 vs. 10-12-S-1 11.2 10.7 0.512 0.793 30 30 0.914 522 
    10-12-R-2 vs. 10-12-S-2 11.2 10.6 0.628 0.793 30 30 1.12 522 
    10-12-L-1 vs. 10-12-L-2 10.8 10.7 0.14 0.793 30 30 0.25 522 
    10-12-L-1 vs. 10-12-S-1 10.8 10.7 0.1 0.793 30 30 0.178 522 
    10-12-L-1 vs. 10-12-S-2 10.8 10.6 0.216 0.793 30 30 0.385 522 
    10-12-L-2 vs. 10-12-S-1 10.7 10.7 -0.0403 0.793 30 30 0.0719 522 
    10-12-L-2 vs. 10-12-S-2 10.7 10.6 0.0757 0.793 30 30 0.135 522 
    10-12-S-1 vs. 10-12-S-2 10.7 10.6 0.116 0.793 30 30 0.207 522 
         
  up         
    10-12 vs. 10-12-R-1 17.6 17.8 -0.14 0.793 30 30 0.25 522 
    10-12 vs. 10-12-R-2 17.6 17.6 0.0217 0.793 30 30 0.0386 522 
    10-12 vs. 10-12-L-1 17.6 17.6 0.00667 0.793 30 30 0.0119 522 
    10-12 vs. 10-12-L-2 17.6 17.7 -0.0137 0.793 30 30 0.0244 522 
    10-12 vs. 10-12-S-1 17.6 17.6 -0.00633 0.793 30 30 0.0113 522 
    10-12 vs. 10-12-S-2 17.6 17.7 -0.0447 0.793 30 30 0.0797 522 
    10-12-R-1 vs. 10-12-R-2 17.8 17.6 0.162 0.793 30 30 0.289 522 
    10-12-R-1 vs. 10-12-L-1 17.8 17.6 0.147 0.793 30 30 0.262 522 
    10-12-R-1 vs. 10-12-L-2 17.8 17.7 0.127 0.793 30 30 0.226 522 
    10-12-R-1 vs. 10-12-S-1 17.8 17.6 0.134 0.793 30 30 0.239 522 
    10-12-R-1 vs. 10-12-S-2 17.8 17.7 0.0957 0.793 30 30 0.171 522 
    10-12-R-2 vs. 10-12-L-1 17.6 17.6 -0.015 0.793 30 30 0.0267 522 
    10-12-R-2 vs. 10-12-L-2 17.6 17.7 -0.0353 0.793 30 30 0.063 522 
    10-12-R-2 vs. 10-12-S-1 17.6 17.6 -0.028 0.793 30 30 0.0499 522 
    10-12-R-2 vs. 10-12-S-2 17.6 17.7 -0.0663 0.793 30 30 0.118 522 
    10-12-L-1 vs. 10-12-L-2 17.6 17.7 -0.0203 0.793 30 30 0.0363 522 
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    10-12-L-1 vs. 10-12-S-1 17.6 17.6 -0.013 0.793 30 30 0.0232 522 
    10-12-L-1 vs. 10-12-S-2 17.6 17.7 -0.0513 0.793 30 30 0.0915 522 
    10-12-L-2 vs. 10-12-S-1 17.7 17.6 0.00733 0.793 30 30 0.0131 522 
    10-12-L-2 vs. 10-12-S-2 17.7 17.7 -0.031 0.793 30 30 0.0553 522 
    10-12-S-1 vs. 10-12-S-2 17.6 17.7 -0.0383 0.793 30 30 0.0684 522 
         
  down         
    10-12 vs. 10-12-R-1 19.5 9.83 9.67 0.793 30 30 17.2 522 
    10-12 vs. 10-12-R-2 19.5 9.44 10 0.793 30 30 17.9 522 
    10-12 vs. 10-12-L-1 19.5 9.39 10.1 0.793 30 30 18 522 
    10-12 vs. 10-12-L-2 19.5 9.51 9.98 0.793 30 30 17.8 522 
    10-12 vs. 10-12-S-1 19.5 9.42 10.1 0.793 30 30 18 522 
    10-12 vs. 10-12-S-2 19.5 9.34 10.2 0.793 30 30 18.1 522 
    10-12-R-1 vs. 10-12-R-2 9.83 9.44 0.382 0.793 30 30 0.682 522 
    10-12-R-1 vs. 10-12-L-1 9.83 9.39 0.432 0.793 30 30 0.771 522 
    10-12-R-1 vs. 10-12-L-2 9.83 9.51 0.317 0.793 30 30 0.565 522 
    10-12-R-1 vs. 10-12-S-1 9.83 9.42 0.404 0.793 30 30 0.72 522 
    10-12-R-1 vs. 10-12-S-2 9.83 9.34 0.485 0.793 30 30 0.865 522 
    10-12-R-2 vs. 10-12-L-1 9.44 9.39 0.05 0.793 30 30 0.0892 522 
    10-12-R-2 vs. 10-12-L-2 9.44 9.51 -0.0657 0.793 30 30 0.117 522 
    10-12-R-2 vs. 10-12-S-1 9.44 9.42 0.0217 0.793 30 30 0.0386 522 
    10-12-R-2 vs. 10-12-S-2 9.44 9.34 0.103 0.793 30 30 0.183 522 
    10-12-L-1 vs. 10-12-L-2 9.39 9.51 -0.116 0.793 30 30 0.206 522 
    10-12-L-1 vs. 10-12-S-1 9.39 9.42 -0.0283 0.793 30 30 0.0505 522 
    10-12-L-1 vs. 10-12-S-2 9.39 9.34 0.0527 0.793 30 30 0.0939 522 
    10-12-L-2 vs. 10-12-S-1 9.51 9.42 0.0873 0.793 30 30 0.156 522 
    10-12-L-2 vs. 10-12-S-2 9.51 9.34 0.168 0.793 30 30 0.3 522 
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